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ABSTRACT 


Six ring- type cylindrical thermionic converters were designed, 
fabricated and tested in an iterative manner during this develop- 
mental program. Converters with characteristic low power and high 
efficiency were designed to be capable of integration to form a 
modular power supply of high power output* The central philosophy 
of the approach was to increase the reliability of thermionic space 
power supplies by redundancy of the basic component. 

The improved cylindrical converters had an ultimate optimum perform- 
ance of 3.86 watts/cm^, at 0.50 volt, at a measured emitter hohlraum 
temperature of 1400°C. The calculated interelectrode spacing at 
1400°C was 12 mils. 

The final converter design featured a conical emitter envelope with 
a convolute for added strength, and a total converter thickness of 
1.52 ,cm. The emitter and collector materials were CVD or wrought 
rhenium and the radiator was solid niobium. 
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SECTION 1 


INTRODUCTION AND SUMMARY” 


This was a 20 month program to design and develop low power, high 
efficiency thermionic converters of cylindrical geometry. The converter 
design provided the capability of integration to form a modular power 
supply. The central philosophy of the approach was to increase the 
reliability of thermionic space power supplies by redundancy of- the 
basic component. 

The converter development proceeded in an iterative fashion whereby 
each converter design was reviewed separately by JPL before fabrication. 
The performance data from a single converter was reviewed separately 
and formed the basis for the redesign of the subsequent converter. 

Six converters were designed, fabricated and tested during the program. 
The basic design was to produce individual converters capable of being 
individually tested and then assembled to form a modular power supply. 

To enhance the power capability and minimize weight, a major objective 
of the program was to design a converter of minimum thickness. The 
concept also dictated the development of a strengthened emitter enve- 
lope and compact real design. 

The design parameters of the converters are presented in Table 1~I. 
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TABLE 1-1 


CONVERTER DESIGN CHARACTERISTICS 


Converter 

SC-l 

SC-2a, SC-2b 

SC-3a, SC-3b 

, 

SC-4 

Emitter Material 

CVD-Re 

CVD-Re 

Wrought-Re 

Wrought-Re 

Collector Material 

CVD-Re 

CVD-Re 

CVD-Re 

CVD-Re 

Radiator Material 

Nb 

Nb 

Nb 

Nb 

Emitter Envelope Material 

Wrought -Re 

Wrought -Re 

Wrought-Re 

Wrought-Re 

Envelope Design 

Flat-heat 

choke 

Flat-heat 

choke 

j Conical- 
Convolute 

Conical - 
Convolute 

2 

Collector Area (cm ) 

4 

4 

3.6 

' 3.6 


The converter design was predicated on the following goals: 


a. A measured emitter hohlraum temperature of 1400 C ±7 C 

2 

b. A converter power output of 4 W/cm of emitter area at 0.7V dc 
at an efficiency of 10 percent 

c. A converter total output of 15 electrical watts 
The converter performance goals were: 

a. A measured emitter hohlraum temperature of 1400°C ±7°C 

2 

b. A converter power output of 4 W/cm of collector area at 0,5V dc 

A summary of the optimized converter data is presented in Table l-II. 

In summary, all the converter design goals were met concerning con- 
verter configuration, size, envelope strength, reliability and repro- 
ducability of fabrication. The measured output performance was 96,5 
percent of the performance goals. 
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TABLE l-II 


4> 

0 
M 
00 

1 

3 

0 ) 

h - 1 


1 

LO 


OPTIMIZED CONVERTER DATA 



m 

$ E (eff ) 
(eV) 

T 

cs 

(°C) 

d m 

1400°C ^ 

(mil) 

A 

c 

(cm 2 3 4 ) 

I „ 
out 

(amps) 

V (2) 

out 

(volts ) 


TjO) • 

(%) 

Converter 

Weight 

(gm) 

/ 

Converter 

Thickness 

(cm) 

SC-l 

1401 

2.32 

315.2 

12 

4.0 

39.98 

0.295 

2.95 

2.70 

322 

2.10 

SC-2a 

1415 

2.44 

295.5 

12 ■ 

4.0 

33.68 

0.500 

4.21 

4.03 

325 

1.92 

SC-2b 

1502 

2.44 

316 

12 

4.0 

57.2 

0.400 

5.72 

3.8 

325 

1.92 

SC-3a 

- 

- 

1 

1 

i 

! 

- 

- 

LEAKED A 

FTER FABR 

.ICATION 

- 

. 

SC-3b 

1400 

2.44 

318 

i 

12 

3.6 

27.76 

0.500 

3.86 

2.95^ 

320 

1.52 

SC -4 

1406 

2.48 

294.6 

12 

3.6 

27.74 

0.500 

3.45 

2.39 (4 ' ) ' 

320 

; 1.52 


(1) Measured hohlraum 

(2) Measured at lead strap terminals 

(3) Defined as measured power output divided by total power input, including that of the filament 

(4) Measured without radiation shields 






SECTION 2 


CONVERTER SC-1 


2.1 SC-1 DESIGN 


The design of converter SC-1 was predicated on the following goals: 

* 

o o * 

a. An emitter temperature of 1400 C ±7 C 

2 

b. A converter power output of 4 W/cm of emitter area at 0.7V dc 
at an efficiency of 10 percent 

c. A converter total output of 15 electrical watts 


The performance requirements, after the fourth converter, were a power 

2 

output density of 4 W/cm at 0.5 volts and a measured efficiency, with 
high efficiency shields, of 8 percent. 

In addition to these design goals, certain general design features were 
incorporated into SC-1 as follows: 


a. The seal diameter was reduced to a minimum for a butt seal 
configuration. This reduction allowed for a unity viex* 
factor radiator; that is, no part of the seal structure inter- 
cepted the line-of-sight radiation rejected from the radiator. 
Moreover, a compact seal geometry allowed for a more efficient 
converter package when stacked on a heat pipe. 

b. The co Hector -radiator is an integral niobium unit to which 
the ceramic metal seal structure is electron beam welded 
directly (as distinguished from a molybdenum radiator in 
which weld rings are brazed into cutouts in the molybdenum). 
Interestingly enough, the decrease in thermal conductivity 
of niobium (over molybdenum) trades evenly against a non- 
interrupted heat flow path. 


"Note: All emitter temperatures referred to in this report are 

measured true hohlraum temperatures. 
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* 2.1.1 EMITTER 


The emitter for SC-1 is a vapor -deposited cylinder which allows for 

two thermocouple inserts* The material is vapor-deposited rhenium with 

2 

an emitter area of 4.0 cm * The emitter-collector interelectrode spacing 
is approximately 10 mils, as determined during final assembly by depth 
micrometers and alignment pins. Figure 2-1 indicates the emitter struc- 
ture relative to the other key components of the converter assembly. 
Emitter joining is performed by electron beam welding two rhenium sup- 
port structures to the emitter. It is noteworthy that all joining in 
this converter is accomplished by electron beam welding except for the 
ceramic metal seal. 

2.1.2 COLLECTOR-RADIATOR 


The first task involved in the collector-radiator design was a computa- 
tion of the collector heat load. From a design current load of 40 to 
45 amperes, an emitter operating temperature of 1400°C and an inter- 
electrode spacing of 10 mils, the following calculations were performed: 


coll 

Q + Q + Q 

eh rad cs cond 

(1) 

H 

11 

0) 

, ' ekT \ 

V 0 coll + 

(2) 


for vapor-deposited rhenium $ co -q ~ 1.45 or 1.47 eV 


T 4000°K 

Pi 

e - 1.4 (dependent upon selection of defined quantities in 

integration) 

2 

I “ 44 amperes (total current for 5 to 5.5 cm collecting 

area) 

Substituting these values into (1), - 90.2 watts. 
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cs 


<eh 
cond 


<rad 


‘coll 


90 watts 

10 watts (including sidewall contributions) 
35 watts (including sidewall contributions) 
135 watts 


The second design task was the problem of sizing the radiator , The 

2 

radiator in Fig, 2-1 has approximately 48 cm of radiating area which 
operates at an average temperature of 640°C. A first order, piece- 
wise solution to this problem is as follows: 


AT - 



k2rrj?, 


where 


Q 

k is 

i is 

*r - 
i 

r 

o 

T 

coll 


135 watts 

0,67 W/cm (for Nb) 
0,230 inch 
0,402 in. 

2 . 5 cm 
700°C 


AT 


0.916 x 135 watts 

9 S4 cm 

0.67 W/cm x 6.28 x 0.23 in. x — 

in. 


AT 


123.8 

2.45 


50°C 


(3) 


Therefore the temperature at collector root 650°C (assuming no loss 
by radiation from Section I). 


First section (Section I) from collecting face to flange radius. 
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Section IX (beginning of radiator to radiator midpoint) 


r. 

1 

r 

o 

Q 

k 

AT 


2.5 cm 
3.0 cm 
135 watts 
0.67 W/cm for Nb 

in ( r o /r i) Q = 0.182 x 135 

k2tU 2.45 


24.6 = 10°C 


T =* of Section II ^ 643°C 

average 


A 




A 


(9 - 6.25) n 


8.65 cm 


2 


Q 


rad 

lost 


Sect II 


eAoT 


e = 0.78 for Rokide "C" 


Q 


rad 

lost 


0 , watts ^ 2 

3.1 r— x 8.65 cm 


cm 


26.8 watts/ side 


Q , = 26.8 watts x 2 sides = 53.6 watts 

rad 

lost 


Section III (middle of radiator to end of radiator) 


r . 
r 

r 

o 

Q 


k 


AT 


3.0 cm 
3.75 cm 

135 - 53.6 watts = 81.4 watts 

0.66 W/cm for Nb 

iP ( r o /r i/ Q 2 = 0.223 x 81.4 = 24.2 

k2rr£ 2.45 2.45 


7.35 degrees 


40 18 -Final 


2-5 



of Section III 


T 

average 


641°C 


^rad 

Section III 



= 5 x 3.14 cm ~ 15.7 cm 


Q 


rad 

Section III 


3 .0 watts 
2 

cm 


x 15.7 cm 


2 


x 2 sides 


t 


- 94.1 watts 


Q _ = 94.1 watts 4 - 53.6 watts = 147.7 watts 

rad 

total 


which provides a 10 percent safety factor over 135 watts computed 
heat load. Small ceramic discs were brazed on the collector radiator 
to elevate and insulate the envelope from the collector. This provides 
a 0.012 in. side wall spacing. 

2 . 2 SC-1 FABRICATION 


The SC-1 emitter is solid polycrystalline rhenium with a layer of 
0 .020-in. -thick, vapor-deposited rhenium on the emitting surface. The 
collector is niobium with vapor-deposited rhenium over the collecting 
surface. 


The collector was thermal cycled to 1700°C, with no deterioration, 
peeling, or warpage of the vapor-deposited rhenium. This test was 
performed to insure integrity and lifetime during subsequent operation. 
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The collector heater wires, the ceramic disc and cesium reservoir tubu- 
lation adapter were brazed to the collector. Ceramic-metal seals and 
emitter envelope-lead straps were brazed into the subassembly configu- 
ration. The converter subassemblies, shown in Fig. 2-2, were then 
welded into the final configuration. Three alignment pins for center- 
ing the emitter are shown. After welding the emitter in place, the 
alignment pins were removed and plugs (shown in Fig. 2-2) were welded 
into the alignment pin holes in the collector. The subassemblies were 
welded on a 6.5 kW Hamilton Standard electron beam welder into the 
final converter configuration. Some new welding parameters (Table 2-1) 
were determined from feasibility studies. 

TABLE 2-1 

WELDING PARAMETERS 


Filament 

Accelerating 

Beam 

Current 

Voltage 

Current 


(Al (fcV) (raA) 


Collector seal flange to collector 

1.75 

150 

2.5 

Emitter flange to emitter lead strap 

1.75 

150 

2.5 

Heat choke to emitter 

1.75 

130 

2 

Collector plugs 

1.75 

110 

5 

Reservoir to collector 

1.75 

110 

2 


Complete detailed welding, brazing, and firing schedules for converter 
SC-1 are given in Appendix 2. The chemical cleaning procedures used 
for each material is also given. Since these procedures remained the 
same for each material, the information is presented once in Appendix 1. 

After completion of fabrication, the diode emitter was heated to 1400°C 
for 6 hours by electron bombardment until the pressure was 1.8 x 10 ^ 
torr. The cesium loading tubulation was kept at 285°C during the bake- 
out. A copper pinch-off was then made and the cesium was driven for 
1 hour at 300°C. 


4018-Final 


2-7 


4018-Final 2-8 



Figure 2-2. 
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Converter SC-1 Subassemblies 


Figure 2-3 is a composite drawing of SC-1 with the high efficiency 
electron gun in place with radiation shields. The 0.47 inch OD fila- 
ment is shown in Fig. 2-4. The 0.020 inch diameter tungsten wire 
filament was counterwound to avoid undesirable induced magnetic 
fields. The filament was held and set centrally in the bore of the 
emitter by two 1/8 inch thick by 1/4 inch wide niobium legs. The 
niobium legs were fastened to the lead strap. The filament legs were 
insulated from the emitter by flat precision insulators. The 

two legs were held apart by a ceramic insulator. 

To reduce end losses from the emitter cavity, radiation shields were 
installed. The high efficiency radiation shields were fabricated 
from niobium with layers of niobium and tantalum sheets as shields. 

It was found that high temperature annealing of the filaments, while 
in a vertical position, helped to reduce distortion and occasional 
shorting of the filament windings when the filament was subsequently 
heated in the horizontal position during converter testing. The fila- 
ments were normally heated to temperatures required for converter 
testing. 

2.3 SC-1 PERFORMANCE TEST 

At the outset of the program a test plan and detailed test methods were 
established for the evaluation of (l) emitter and collector work functions, 
(2) estimation of interelectrode spacing at 1400°C emitter temperature, 
and (3) sizing of the radiator design. These are given in the following 
paragraphs . 
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Figure 2-3. Converter SC-1 with Electron Gun 
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Figure 2-4. 0.047 inch O.D. Filament 


2.3.1 TEST PLAN 


2.3.1. 1 Electrode Work Functions 

The emitter and collector work functions (i.e., effective work function, 

2 o 2 

cp ff , assuming an A value of 120 A/cm - K and assuming a collecting 
6 1 1 ^ 

area of 4 cm ) are obtained by the measurement of two observables, 
electrode temperature and saturated electron emission. The effective 
work function is a calculation using these measurables. 

Cesiated effective work function for the emitter and collector is 
obtained from the volt-ampere characteristic by combined dc and ac 
sweep methods. 

This method is utilized since it traces an instantaneous characteristic 
at fixed parameter temperatures. The dc operating point is usually 
set by an electronic load. The sweep transformer then sweeps out a 
portion of the I-V characteristic about this dc point after it is as- 
certained that all element temperatures are constant. Collected cur- 
rent is measured by the voltage drop across a calibrated, 0.1 percent 
accurate shunt, and displayed on the y-axis of an x-y oscilloscope. 
Applied voltage or generated voltage is measured directly and displayed 
on the x-axis of the oscilloscope. To accurately determine saturated 
emission it is sometimes necessary to sweep the arc voltage as much as 
2V into the applied voltage quadrant. Since the Zener diodes in the 
electronic load cannot hold off more than 0 . 5V in the forward direction, 
the electronic load is replaced by a resistive load. A low inductance, 
low impedance, stepdown transformer is employed as a sweep source. The 
saturated emission is defined as the intersection of the extrapolated 
Schottky slope and the slope of the plasma region. 
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Exact determination of temperature is a very important part of 
accurate electron emission measurements * For all temperature deter- 
minations other than the emitter, chrome 1- a lumel thermocouples are 
used* 

The emitter temperature is obtained by using calibrated , immersion 
tungsten/ tungsten-rhenium thermocouples* These thermocouples are 
calibrated against a 10:1 blackbody hole using a calibrated micro 
optical pyrometer* 

2*3. 1*2 Estimation of Interelectrode Spacing 

An estimation of interelectrode spacing is determined by using 
experimental measurement of the cesium conduction* Cesium temper- 
ature, bombardment input power, and electrode temperature can be 
measured accurately the the use of calibrated thermocouples and 
precision meters*. 

To measure the heat transfer from a thermionic emitter due to cesium 
vapor conduction requires the detection of small changes in heat 
input to the emitter. Therefore, it is desirable to reduce or 
completely omit electron emission .from the emitter during the course 
of these measurements, since the heat transfer associated with elec- 
tron evaporation from an emitting surface may be ten times that of 
cesium conduction. Therefore, measurements of cesium conduction 
heat transfer are almost always taken at a condition of no current 
flow. 
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The procedure for taking cesium conduction measurements is as follows: 


a* The emitter temperature is set at 1400°C true; the collector 
temperature is set at approximately 550°C; and the external 
circuit is opened to prevent current flow. 

b. The cesium reservoir temperature is set at some initial low 

value such as 300°C, and the electron bombardment input 

power is measured for the preset conditions of Tg = 1400°C 

(true), and T = 550°C. 

* coll 

c. Progressively increasing cesium reservoir temperatures are 
established and the increase in bombardment power to main- 
tain the preset emitter temperature is recorded. The 
collector temperature is fixed by a temperature control- 
ler which regulates the heater input power to the collec- 
tor to account for the additional heat input via cesium 
conduction. Measurements are also taken by decreasing 
the cesium vapor pressure to reproduce the data. 


The sources of possible error in these measurements are: reading 

accuracy of the meters which is about 0.1 percent, thermocouple 
readings of the reservoir and emitter which is a ±1 percent for 
chromel-alumel thermocouple, and ±1/2 percent calibrated emitter 
thermocouple . 


Also, the electrode area determination is a source. of error since 

the collecting or emitting area are not guard-ringed. It is assumed 

2 

that the electrode areas are 4 cm for interelectrode spacing 
determination. 

Electrode spacing determination by the cesium conduction method was 
attempted but was found impractical due to the converter spacings. 
More details will be explained later. 
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2,3. 1.3 Radiator Sizing 


Radiator sizing data is obtained at the design operating point; i.e., 

2 2 

output power density of 4 W/cm for an emitter area of 4 cm at 0.7V 
output at an emitter temperature of 1400°C . 

The collector is instrumented with two immersion thermocouples to 
measure and record the collecting surface temperature. The radiator 
is instrumented with a number of thermocouples accurately placed along 
the radiator. The collector-radiator temperature profile can be deter- 
mined. Examination of this temperature profile provides an experimental 
cross-check of the design calculations, and allows an optimization of the 
radiators for subsequent converters. Generally, during testing it was 
found that the radiator thermocouples indicated close agreement to cal- 
culated design temperatures. 

i 

2.3.2 CONVERTER SC-1 TESTING 

Figure 2-5 shows the emitter thermocouple calibration curve for con- 
verter SC-1. Platinum-platinum/ 10 percent rhodium thermocouples were 
used on the converter emitters. They were calibrated with the indicated 
true hohlraum temperatures. Thermocouples were used so that the high 
efficiency radiation shields would not require view holes for hohlraum 
readings. In this way the maximum efficiency was anticipated. On SC-1, 
though, holes through the shields were necessary for calibration purposes. 

The performance testing of SC-1 was dictated to a large extent by an 

intermittent shorting condition internal to the converter. Data at an 

emitter temperature of 1300°C and some data at 1400°C were obtained. 

o 

The shorted condition was prevalent above 1400 C and was unpredictable 
at lower temperatures . 
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The shorting appeared to be due to deflections of the emitter envelope 
coming into contact with the collector. The cause may have been 
residual stresses built up by electron-beam-welding the envelope to 
the emitter, with subsequent flexure as the emitter and envelope temper- 
atures were varied. The converter output voltage (dc) at constant cur- 
rent was optimized as a function of the cesium reservoir temperature 
at emitter temperatures of 1300°C and 1400°C. 

At an emitter temperature of 1300°C, performance optimization was ob- 
tained at constant current levels of 20, 30, and 40 amperes, as shown 
in Figs. 2-6, 2-7 and 2-8, respectively. At 20 amperes, the maximum 

voltage achieved is 0.29V at a reservoir temperature of 280°C. The 

2 

power output is thus 5.8W, giving a power density of 1.45 W/cm . 

An approximate comparison can be made with the performance data pre- 
viously taken with an EOS rhenium electrode variable parameter vehicle 
with a 2 cm 2 collector (Ref. 1). At an emitter temperature of 1330°C 
and a cesium reservoir temperature of 281°C, the voltage output is 
0.20V at 24.5A, giving a power output at 4.06W. Since the emitter 
temperature in this case is 30°G higher than for the case of the 'con- 
verter, -the voltage can be adjusted approximately by noting in 
Reference 1 that 1°C is equivalent to a change of 0.002V, This would 
mean that the variable parameter vehicle data can be extrapolated as 
being 0.14V at 24. 5A for a power output of 3.43W at an emitter tem- 
perature of 1300°C. The power density 'is 1.72 W/cm^. 

2 

Thus, the output of the first 4 cm cylindrical converter is approxi- 
mately 15 percent Less than that of the variable parameter vehicle. 

In Fig. 2-7, at an emitter temperature of 1300°C, a collector tempera- 
ture of 683°C, and a constant current level of 30A, the optimum voltage 
is 0.25V at a cesium reservoir temperature of 295°C. The power output 
is thus 7.5W. 
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Figure 2-8* Converter SC-1 Performance Optimized for = 1300°C at 40 Amperes 



At an emitter temperature of 1300°C and a constant current level of 
40A, the optimized voltage from SC-1 is 0,194V (7.76W output) at a 
reservoir temperature of approximately 303°C and a collector temper .- 
ature of 710°C, as shown in Fig* 2-8. An optimized collector temper- 
ature of 710°C was determined as shown in Fig. 2-8. This shows that 

previously optimized collector temperatures for rhenium electrode 
systems found by EOS are unchanged (Ref. 2). Collector temperatures 
above 725°C and below 664°C indicate that 710°C is optimum. 

In Fig. 2-9, at an emitter temperature of 1400°C, a collector tempera- 
ture of 738°C, and a constant current level of 40A, the optimum voltage 

output is 0.295V at a reservoir temperature of 304°C* The power output 
is thus 11. 8W. 

Also observed' at 1400°C emitter temperature and a constant current of 
53A, was an optimum voltage output of 0.21V, producing a power output 
of 11.13W. It was not possible to produce a full optimization curve 
at these parameters. This was because of intermittent, internal short 
circuits attributed to movement of the emitter envelope coming into 
contact with the collector. Emitter temperatures from 1400°C and above 
aggravated this condition, prohibiting the acquisition of data at these 
temperatures . 

Figure 2-10 is a performance plot of the data from Figs. 2-6 through 
2-9 for the optimized conditions. 

Figure 2-11 is a photograph of SC-1 without the electron gun. 

The test data sheets and current-voltage characteristics for converter 
SC-1 are given in Appendix 2. 

Table 2-II gives the measured efficiency of converter SC-1. 
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Figure 2-10. Converter SC-1 Performance Plot 
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Figure 2-11. Converter SC-1 After Performance Testing 


TABLE 2 -II 


CONVERTER SC-1 MEASURED EFFICIENCY 
(Measured Terminal Voltage) 


t e <° c > 


1400 

40 

1300 

40 

1300 

20 

1300 

30 


V „(V) 
out 

TIC%) 

0.295 

2.7 

0.195 

2.0 

0.285 

1.6 

0.25 

2.0 


The efficiency measurements reported in Table 2 -IX were taken with only 
one side of the converter having a radiation shield so that pyrometer 
readings of the hohlraum could be more easily taken for thermocouple > v 
calibration . The efficiency is defined as the ratio of the converter 
power output and the total filament power input (filament heating plus 
electron bombardment power) . 

Inter electrode spacing measurements of SC-1 were attempted by using 
the cesium conduction method* However, due to the large spacing 
(0*010 in.), changes in the input power due to cesium conduction 
were not detected. 


From the empirical equation of Ketrilakis and Meeker (Ref. 3), the 
heat transferred by the cesium gas at an emitter temperature of 
1400°C and a collector temperature of 500° C and a cesium reservoir 
pressure of from 10 to 100 torr, is 0.5 watt. Thus one would have 
to detect changes of 0.5 watt out of 200 to 250 watts, which makes 
this measurement impractical. 


After testing, the converter weight was determined as follows: 


Converter 
Radiation Shields 
Electron Gun 
Total Weight 


321.6 gms 

12.0 gms 

17.0 gms 

350.6 gms 
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SECTION 3 


CONVERTERS SC -2 a AND SC -2b 


3.1 CONVERTERS SC-2a AND SC-2b DESIGN 


The following design improvements were initiated during the design 
review for SC-2a. 


a. Attach electron gun to the collector, rather than to the 
emitter, to allow envelope-lead strap-seal iterations without 
associated gun mount design changes. 

b. Replace the ceramic disk spacers of SC-1 with split ring for 
collector-envelope spacing for added strength. 

c . Improve cesium reservoir tubulation by -rolling and welding 
the final closure rather than utilizing a pinch-off. 

d. Improve filament by increasing wire diameter from 20 mils 
to 30 mils. 

e. Improve electron gun design by removing the center post used 
in SC-1 shown in Fig. 3-1, reducing thermal losses. 


The design of SC-2a was based upon the performance of SC-1. Special 
attempts were made to eliminate the shorting condition experienced in 
SC-1 by changing from the four small, disk- type, col lector -envelope 
ceramic spacers shown in Fig. 2-1 to a large, split-ring ceramic shown 
in Fig. 3-1, which is an assembly drawing of SC-2a. The split ring 
provides a much stronger emitter support system and is closer to the 
collecting surface than the disks were in SC-1. 


Figure 3-2 is a drawing of the collector showing the cutout for the 
ceramic ring. Because of concern that the emitter envelope temper- 
ature could cause a reaction with the* ceramic ring, where contact is 
made, a piece-wise heat transfer calculation was made to determine 
the temperature at the point on the envelope where the thickness is 
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Figure 3-1. Converter SC-2a Assembly Drawing 





heat-choked from 0.010 in. to 0.005 in. This point was chosen to 
afford a safety factor, as the ceramic contacts the envelope two mils 
farther down the heat-choked area. 


Conditions chosen for the calculation are as follows: an emitter tem- 

perature of 1675°K, emitter lead strap temperature of 963°K (determined 
experimentally from SC-1 data), constant current of 40 amperes, and a 
collector temperature of 923°K. 


Figure 3-3 is a sketch of the area of concern. The heat conducted from 
A to B through the envelope is given by 


(T A - V 


(-) 

i o \r / 


'C(A-B) 


£ n 


£b\ 

w 


4 TT0 


(A - B) 


(5) 


where k is the thermal conductivity of rhenium taken at T^, £ is the 
envelope thickness of section A-B, r are the radii, and p is the elec- 
trical resistivity at T. for rhenium. 

On the collector side of the envelope,, heat is transferred by atom con- 
duction, radiation, and electron cooling. The atom conduction may be 
estimated by 


A <-T. 
m A 


T c^ A ( a -b) 


(1.15) (10“ 2 ) (T a + T c ) 


d + 


( 6 ) 


where X is a constant, A N is the envelope area (A-B) , T is the ' 
m (A-BJ u 

collector temperature, d is the envelope-collector spacing, and P is 
the cesium pressure. 
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Figure 3-3. Sketch of Collector -Ceramic-Emitter Area for 
Heat Transfer Calculations 
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The electron cooling term is given by 


ec 


(A-B) 


2kT 

- l »i + — + V A (a . B ) 


( 7 ) 


where 0^ is the emitter-envelope 
electron space charge given by 


work function taken at A and V is the 

m 


kT A J . 

A , sat 

v = — - In — 

me J 


J L is the saturation current at X A . 
sat A 


The heat lost by radiation is given by 


*r = 60 (2T A " T C> A /a R'l 

r (A-B) A C (A " B) 


( 8 ) 


where a = (5.67) (10 ^ 2 ) and e = 0.16. 

The term 2T^ includes radiation from both sides of the envelope. 

The total heat lost in the section from B to D can be estimated by Eq. 10, 
assuming that only the conduction and radiation terms are significant. 


k2n Vs/ 1 * - V - i2p tn 


X(B-D) 


in 


_D 
C B J 


Ahi 


(B-D) 


The radiation losses from B to D are given by 


q r 6 a A (B-D) ^ 2T B V 


( 10 ) 


(ID 


where the factor 2 is to include radiative losses from both sides of 
the envelope. 
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The total heat balance from A to D is given by Eq* 12* 

^C(A~B) = ^C(B-D) + q p + q ec(A-B) + q r(A-B) + q r(B-D) 

From the boundary conditions. 


= (1.767) (10~ 2 ) watts 


q ec(A-B) 


= 101.4 watts 


q r(A-B) 


= 30.4 watts 


*r (B-D) 


= (0.907) (10" 12 ) (2Tg - T^) 


Since T„ occurs in Q„,. and Q . . to the first power, and in 

B C\A~b) C(,B-D) 

q / \ to the fourth power, in the solution for T , q will be 

^r(B-D) B r (B-D) 

neglected to avoid the transcendental equation; in the iteration, the 

effect of q on the final answer can be determined, 

r (B-D) 


In Eqs. Sand 10, the thermal conductivity of rhenium, k, is taken to 

be 0*51 watt /cm °C , and the resistivity is taken to be 80 x 10 ^ ohm-cm, 

T is .found to be 1167°K by solving Eq, 12. With this value for T , an 
B B 

iteration can be made assuming linear temperature gradients between A 

and B and B and D, solving for Td . The temperatures will be T' * 

o ^ AB 

1420 K and T* = 1065 K. As seen before, the atom conduction loss is 
BD 

small and will be neglected in the iteration. Under the new conditions. 


q eC(A-B) 


97.385 watts 


q r(A-B) 

q r(B-D) 


15.5 watts 
1.995 watts 
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Again, solving Eq. 12 with these temperature gives T' = 1206°K. 

A second iteration using gives temperature gradients of = 1440°K 

= 1084°K. Under these conditions, 

q eC(A-B) = 97 .87 watts 

q ”(A-B) " 16 ' 43 " atCS 

q r(B-D) = 2 - 258 ' watts 

Solving Eq* 12 with the temperatures from the first iteration gives Til = 

Jd 

1203°K, showing that the ceramic spacers between the collector and 
emitter envelope will not be subjected to temperatures which might de- 
compose or otherwise damage them* 

Although this method of analysis is not as precise as fin treatment, 
for example, it is felt that the results yielded are sufficient for 
this problem. 

The electron guns of SC-2a and SC-2b are held in place by insulated 
supports on the collector. The SC-1 electron gun was mounted on the 
emitter lead straps. It was felt that the new mounting on the collec- 
tor permitted future converter-emitter redesigns without affecting the 
SC-2 electron gun mounting. Two holes were drilled in collector-radiator 
to accommodate the gun’s insulated supports 

The collector of SC-1 received a layer of Rokide-C to raise the emissi- 
vity of the radiating area to insure that the collector could be cooled 
to desired operating temperatures. During the testing of SC-1, it was 
found that the opposite effect occurred. Because of the very large area 
provided by the cylindrical geometry, the collector had a tendency to be 
cooler than originally expected. The following calculations show the 
approximate heat rejection from the niobium collector without Rokide-C. 
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The heat input to the collector is given by Eq. 13. 


Q c = Q eh + Q r + Q CS 


( 13 ) 


where Q , is the electron heating of the collector given by 
en 


ek T 

Q *h ’ l dc |*C + — 


M 


(14) 


0^ is the collector work function and Tp^ is the plasma temperature. 
The heat transferred from the emitter to the collector by radiation is 
given by 


Q r - o c (Tg T*) A c 


(15) 


where o and e have the usual meaning, and A is the collector area, 
The cesium conduction term is given by 


q p - 


\n < T E " V A C 


(1.15>(10' 2 )(T e + T c ) 


(16) 


d + 


The following values are used in determining the heat input to the 
collector : 


0 C = 1.45 eV 

T = 4000°K 

p o 

T_ = 1723°K 

T = 973°K 

i^ c = 40 amperes 

Equations 14, 15, and 16 then give the following results: 


40 18 -Final 


3-9 



Q = 35.9 watts, 

r 

= 77.32 watts 

Q C g = 10.00 watts. 

The total heat input to the collector of SC-2a is thus 123.22 watts. 

The collector is shielded from the collecting surface back to the 
insulator-collector flange. From Fig. 13 the diameter of the flange 
is seen to be 1.93 in. The problem is to determine the temperature 
drop from the collecting surface to the flange radius. Since the' col- 
lector is shielded over this region, only conduction heat transfer will 
be considered. This is given by Eq . 17, including the joule heating 
term. 


AT 



k2nt 


+ 


i 2 p In | 
4nt 



(17) 


r^ and r^ are the collecting surface and the flange radii, respectively, 
is the total heat input to the collector, and t is the collector 
thickness from Fig. 13. The values are as follows: 


r^ = 1.026 cm 

r^ = 2.515 cm 

= 123.22 watts 

k = 0.67 watts/cm (for niobium) 

t — 0.4826 cm 

T_ = 973°K 

i, - 40 amperes 

dc -5 

p = 4.5 x 10 ohm-cm 
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T 0 is the collector surface temperature. The temperature at the flange 

o 

(at r^) is determined from Eq. 17 to be = 919. K. 

Assuming that the heat conducted down the collector is ultimately dis- 
sipated by radiation, a piece-wise solution is attempted in deter- 
mining the collector-radiator temperature. The first portion will be 
taken to 3 cm. The following values apply in determining the tempera- 
ture at 3 cm by the conduction term: 


T 2 -• 919°K 

r^ = 2.515 cm 

= 3.00 cm 

Q t « 123.22 watts 

k - 0.67 

t = 0.4826 cm 


is found to be 908°K. Using (T^ + T^)/2 as an average temperature for 
radiation over this region, the heat radiated may be found from Eq. 18. 


where 

T 


“ e ^3-2)" (r 3 “ r 2> (2) 

e *= 0.1 for niobium 

= 914°K ' 

(3-2) K 10 , y 

a = 5.67 x 10 watts/cm K 


(18) 


The solution of Eq. 18 gives = 6.66 watts. 

In the last section the heat conduction is determined from the following 
values: 

T 3 = 908°K 

r. = 7.62 cm 

4 

= 116.56 watts 
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Solving Eq. 17 with these parameters gives - 895°K. The .radiation 

over the area from 3 to 4 at an average temperature of 902°K is 12 watts. 
Thus the average temperature of the collector-radiator is 907°K. These 
calculations thus show that the cutouts for the ceramic rings do not 
impede the heat rejection required of the collector-radiator. The re- 
sults from the above calculations were used as a guide in the design of 
converter SC-2a. Converter SC-2a was fabricated according to the design 
agreed upon through the design iteration procedure. 

During postoperative examination of -SC-1, the filament winding impres- 
sions were evident on the outside of the emitter. This led to the con- 
clusion that some temperature gradients might have thus been the result 
of the small distance between filament and emitter. The emitter was 
probably hotter in areas directly adjacent to the filament wires. This 
problem was reduced considerably by fabricating a filament with a diam- 
eter of 0,25 in. O.D., shown in Fig. 3-4, The filament was a 10-turn 
counterwound 0.020 in. diameter tungsten wire filament. The filament 
diameter section was 0.5 in. long. The smaller diameter provided for 
more uniform heating and reduced the criticality of centering the fila- 
ment with respect to the emitter. 

3.2 CONVERTER SC-2a AND SC-2b FABRICATION 

Converter SC-2 had the same design parameters as SC-1; i.e., a power 
2 

density of 4 W/cm at 0.7V at a measured hohlraum emitter temperature 
of 1400°C. The refinements of SC-2 were predicted upon the perform- 
ance of SC-1, the large split ring ceramic introduced in an effort to 
eliminate shorting. 

The cleaning procedures for the SC-2 parts are given in Appendix 1. 

The brazing, firing and electron beam welding parameters for each of 
the components are given in Appendix 3. 
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Figure 3-4. 0.25 inch O.D. Filament 




Initial testing of SC-2a revealed a failure of the electron beam weld 
of the emitter envelope to the emitter. The failure appeared to be due 
to thermally induced stresses in the envelope. The condition was aggra- 
vated by the bombardment of the envelope by the high efficiency radia- 
tion shields. This created thermally induced stresses in the envelope 
by unequal heating of the envelope. 

A feasibility weld was performed with the welding parameters used on 
the device. The resulting cross-section of the weld shown in Fig. 3-5 
indicates that the weld was reliable under normal operating conditions. 

SC-2b was fabricated by reworking SC-2a. The device was cleaned with 
distilled water and alcohol. The envelope was then rewelded to the 
emitter and SC-2b was processed and loaded with cesium in the usual 
manner. 

Figure 3-5 is the photomicrograph of the feasibility weld of a rhenium 
envelope to a cylindrical rhenium emitter. The magnification is 150X. 
The penetration of the weld is approximately 0.017 in. The small grain 
size provides good strength and reliability. 

The weld parameters were as follows: 

Filament current = 1.75 (amperes) 

Accelerating voltage = 150 (kV) 

Beam current = 3.4 (mA) 

3.3 CONVERTERS SC-2a AND SC-2b PERFORMANCE TESTING 


Figure 3-6 is a current optimization curve at a constant voltage of 0.2V, 
an emitter temperature of 1300°C, and a collector temperature of 730°C. 
The optimum cesium reservoir temperature is 298°C at a current of 47. 8A. 
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Figure 3-5. Photomicrograph of the Rhenium Envelope-to- 
Emitter Electron Beam Weld on Feasibility 
Samples. Magnification: 150X 


4018-Final 


3-15 



I ( amps) 



T Cs PC ) 


Figure 3-6. Current Optimization Plot for SC-2a Taken at 
T e = 1300°C, T c = 730°C and a Constant 
Voltage of 0.2 Volt 
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Figure 3-7 is a current optimization curve at a constant voltage of 
0.4V at an emitter temperature of 1300°C and a collector temperature 
of 648°C. The optimum cesium reservoir temperature is 272 C at a cur- 
rent of 9.9A. 

In Fig, 3-8, at a constant voltage of 0.6V the optimum cesium reservoir 
temperature is 254°C with a current of 1.34A. The emitter temperature 
was 1300°C and the collector was 630°C. 

Figure 3-9 is a performance plot forSC-2aat an emitter temperature of 
1300°, The data at voltages above 0,5V are not truly optimum because 
it was impossible to obtain the high collector temperatures required. 
The device was designed and built to operate at 1400°C with a current 
of 45A. 


At an emitter temperature of 1400°C optimizations were performed at 
0.4V and 0.5V. In Fig. 3-10, at 0.4V the optimum cesium reservoir 
temperature was found to be 299°C with a current of 44. 8A. The col- 
lector temperature was 730°C. 

At a constant voltage of 0.5V, the cesium reservoir temperature was 
found to be 294°C with a current of 33. 9A as shown in Fig. 3-11. 

Figure 3-12 is a performance plot for SC-2a at an emitter temperature 
of 1400°C. 

As shown in Fig. 3-12, at 0.5V, a current of 33.68A was obtained at 
1400°C. The power density is therefore 4.21 W/cm^ assuming a 4 cm^ 
emitter area. 

In Fig. 3-12, data at 0.3, 0.4, 0.5, and 0.6V were taken under steady 
state dc conditions. After these data were taken, the emitter -envelope 
weld opened up. 
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Figure 3-7. Current Optimization Plot for SC-2a Taken at Tg. - 1300 C 
= 648°C and a Constant Voltage of 0.4 Volt 
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Figure 3-8. 


Current Optimization Plot for SC-2a Taken at Tg = 1300 
T = 630°C and a Constant Voltage of 0.6 Volt 
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Figure 3-10 . Current Optimization Plot for SC-2a at Tj? = 1400 C 
and = 730°C at a Constant Voltage of 0.4 Volt 
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Figure 3-11. Current Optimization for SC-2a at Tg = 1400 C and 
T^, = 685°C at a Constant Voltage of 0.5 Volt 
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Figure 3-12. Performance Plot forSC-2aat T E = 1400°C 
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The apparent cause and solution of this failure was discussed in the 
last section on fabrication. The device was ultimately reloaded and 
tested. 

Upon testing the device again, it was found that the 1300°C data could 
be reproduced. At 1400°C and above, it was extremely difficult to re- 
produce data due to apparent emit ter-col lector shorting. Apparently 
the second welding created a certain misalignment of the emitter with 
respect to collector. This manifested itself as shorts at elevated 
temperatures. One method used in an attempt to realign the emitter 
was to cycle the converter a number of times to a high temperature 
(1700°C) . This operation permitted reproduction of various 1400°C data. 
At 1500°C the criticality of the temperature on shorting allowed only 
ac data to be taken. 

Figure 3-13 is a current-voltage ac sweep oscillograph. The emitter 
temperature was 1500°C, the collector temperature was 768°C. The cesium 
reservoir temperature was 323°C. From this information, the performance 
plot. Fig. 3-14, was generated. 

Figure 3-15 is a current-voltage ac sweep oscillograph at a cesium 

reservoir temperature of 305°C and a collector temperature of 733°C. 

The performance plot, Fig. 3-14, shows the optimum data from Fig. 3-15 

2 

at 0.35V and a current of 56A. This is a power density of 4.9 W/cm . 

The 1500°C performance plot is shown in Fig. 3-16. At 0.4V, the current 

2 

was 53A giving a power density of 5.3 W/cm . The collector temperature 

was 775°C at a reservoir temperature of 325°C. At 0.5V the current was 

2 

36A for a power density of 4.5 W/cm . The collector temperature was 

762°C and the reservoir temperature was 325°C. At 0.6V the current was 

2 

22A for a power density of 3.7 W/cm . The collector temperature was 
704°C with a reservoir temperature of 300°C. 
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Figure 3-13. Oscillograph from SC-2b at Tg = 1500°C and 
T c = 768°C at T cs = 323°C. 

Scale: X = 0.1 volt/ division, Y = 20 amps/division 

The bright spot in lower left hand corner of photo 
indicates the zero axis. 
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Figure 3-15. Oscillograph from SC-2b at Tg - 1500°C and 
T c = 733°C at T cs = 305°C. 

Scale: X = 0.1 volt/ division, Y = 20 amps/division 
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Figure 3-16. Performance Plot for SC-2b at T = 1500°C 

E 
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Figure 3-17 is a photograph of SC-2b after removal from the test 
gantry following performance testing. 


The data sheets and I-V characteristics for SC-2a and SC-2b are given 
in Appendix 4. 


4018-Final 


3-29 


4018-Final 3-30 


76911 



Figure 3-17. Converter SC-2b 




SECTION 4 


CONVERTERS SC-3a AND SC-3b 


4. 1 CONVERTERS SC-3a AND SC-3b DESIGN 

Converter SC-3 was designed to improve upon SC-2 in the following areas: 

a. Stronger emitter support system for resistance to environ- 
mental stress by a convolute and conical bend in the rhenium 
envelope 

b. More compact converter - reduce emitter lead strap width by 
20 percent 

c. Better radiator sizing 

Figure 4-1 is an assembly drawing of SC -3a . The conical shape of the 

envelopes with the convolute is shown. The emitter is slightly longer 

2 

to accommodate the envelope. Converter SC-2 emitter area was 4 cm ♦ 

2 

Converter SC-3 has a 4.06 cm emitter. Wrought rhenium was used for 
the emitter, replacing CVD rhenium, to reduce the cost. The CVD rhenium 
was not oriented and therefore no performance difference should’ be 
attributed to this change. 

The thickness of the converter was reduced by designing a fabricated 
ceramic metal seal with a convolute in the flange. The convolute in 
the flange allows for thermal expansion. With this design, the ceramic 
subassembly was electron-beam welded directly to the collector, with 
the plane of the bottom of the ceramic coincident with the collector 
surface. This allows the overall thickness of the converter to be 
reduced from 1.92 cm to 1.52 cm. 
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The collector area was reduced to 3.67 cm because the thickness was 
reduced. The side wall spacing of SC-1* SC-2a and SC-2b is 0.010 i nc h 
The added 0.020 in. of SC-3a and SC-3b provided by the new envelope 
design set the side wall spacing at 0.030 in. at the plane of the 
collector face. Side wall emission collection from the envelope for 
SC-3a and SC-3b was thus negligible. 

During the testing of SC-2a and SC-2b it was noted that the high 
efficiency radiation shields were possibly causing excess heating 
of the emitter envelope, causing warping and therefore apparent 
emitter -co Hector shorting. It was thus decided to forego further 
attempts at producing a high efficiency electron gun and concentrate 
only on converter performance. 

Figure 4-2 is a drawing of the emitter support structure (envelope). 

A stronger emitter support system was accomplished by a single con- 
volution and a conical bend in the rhenium envelope. The convolution 
allows the envelope to expand radially with temperature. The conical 
bend also provides added strength to the envelope for resistance to 
environmental stresses. 

4.2 CONVERTERS SC-3a AND SC -3b FABRICATION 


The envelope convolution and bend are cold-formed in the rhenium. Two 
vacuum interstage anneals of 15 minutes each at 1700°C were required 
during the fabrication of the structure. 

Figure 4-3 shows the ceramic- to -metal seal assembly for SC-3a._ The 
overall converter thickness was reduced by providing a convolution in 
the collector flange of the seal assembly. The seal subassembly was 
electron-beam welded to the collector-radiator assembly. The plane 
of the seal flange is coincident to the plane of the collector-radiator. 
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During the electron-beam welding of SC-3a the ceramic seal leaked. 

It was found that the outside flange weld to the collector was not 
satisfactory since mechanical and thermal strains put the ceramic 
in tension. Therefore, SC-3b was fabricated by welding the seal 
flange on the inside; the ceramic was ultimately put into compression. 

The brazing, firing and electron beam welding schedules for SC-3a and 
SC-3b are given in Appendix: 4. 

4,3 CONVERTER SC- 3b PERFORMANCE TESTING 

The cesium reservoir and collector temperatures were optimized during 
testing by visual means. Lengthy plotting procedures were eliminated 
in ox'der to save time and conserve funds. The optimizations were 
achieved in iterative manner until no charge could be detected. 

Figure 4-4 is the performance plot for SC-3b taken at the design emitter 

temperature of 1400°C. At 0.4V the current was 39. 0A, giving a power 

2 2 
density of 4.33 W/cm based on a collection area of 3.6 cm . The optimum* 

collector and reservoir temperatures were 654 °C and 321°C. At 0.5V the 

2 

current was 27. 8A, giving a power density of 3.86 W/cm based on collec- 
tion area. The optimum collector and reservoir temperatures were 630°C 
and 318°C. The collector temperatures at 0.4V and 0.5V were achieved 
without the use of any external power input to the collector-radiator 
heaters. 


Figure 4-5 is the performance plot taken at 1300°C (100°C, below the 

design emitter temperature). At 0.3V the current was 30A, giving a 

2 

power density of 2.5 W/cm . At 0.4V the current was 15. 8A, giving 

2 

a ,power density of 2 W/cm . 
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CURRENT, I (amps) 



VOLTAGE, V (volts) 


Figure 4-4. Performance Plot of jSC-3b'iTkk.en _;at ''the .Designi'.Einitter 
Temperature of 1400°C 
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VOLTAGE, V (volts) 

Figure 4-5. Perfomeuee Plot of S0-3b Taken in an Emitter- Temperature 
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Figure 4-6 is the optimum performance plot taken at 1500°C (100°C above 

the design emitter^ temperature) . At 0.4V the current was 48. 2A, giving 

2 

a power density of 5.35 W/cm . At 0.6V the current was 31. 0A, yielding 

2 

a power density of 5.15 W/cm . At 0.7V the current from the plot is 

2 

22. 0A, giving a power density of 4.27 W/cm . 

Figure 4-7 shows a performance composite of SC~3b taken at 1300°C, 1400°C 
and 1500°C. 

The shorting conditions displayed by SC-la and b and SC-2aandb were elim- 
inated in SC -3b . The successful testing of SC-3b provided the ultimate goal 
of the program; the achievement of the performance goals of the program 

with the new cylindrical cover ter design. By operational T = 1400°C 

2 ^ 

with a power density of 3.86 W/cm at 0.5V, 96.5 percent of the per- 
formance goals were met. 

The data sheets and 1-V characteristics for converter SC-3b are presented 
in Appendix 4. 
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VOLTAGE, V (volts) 

<£ Figure 4-6. Performance Plot 0 f SC-3b Taken at an Emitter Temperature of 1500°C 
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Figure 4-7. Performance Composite of SC-3b Taken at Specified 
Temperature 
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SECTION 5 


CONVERTER SC-4 


5 * 1 CONVERTER SC -4 DES IGN 


With the success* of converter SC -3b dictating the design of SC-4, only 
the improvement of converter fabrication was pursued in designing SC-4. 
This was accomplished by' a variation in the seal design. 

Figure 5-1 is an assembly drawing of SC-4. The insulator subassembly 
is electron-beam-welded to the collector at the inside radius of the 
seal flange. Previous seals were designed so that the weld would be 
made on the outside radius of the seal flange. In fabricating SC-3a, 
it was found that the outside weld was not completely satisfactory since 
mechanical and thermal strains put the ceramic in tension. By welding 
the flange on the inside, the ceramic is ultimately put in compression. 
This design allows the use of a thinner insulator subassembly, thus 
reducing the converter overall thickness by approximately 20 percent, 
but is was not accomplished in this converter. 

The design parameters of SC -4 were the same as for SC-1, SC -2a, SC -2b and 

2 

SC-3a and SC-3b;i.e., a power density of 4 W/cm at 0.7V at an emitter 
temperature of 1400°C * 

5.2 CONVERTER SC-4 FABRICATION 

Converter SC -4 was fabricated in the same manner as SC-3b. The brazing, 
firing and electron beam welding schedules are presented in Appendix 5. 
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Figure 5-1. Converter SC-4 Assembly Drawing 


5,3 CONVERTER SC-4 PERFORMANCE TESTING 


Figure 5-2 is the performance plot for SC-4 taken at the design emitter 

temperature of 1400° C. At 0.4V the current was 38. 0A, giving a power 

2 2 

density of 4.23 W/cm based on a collection area of 3.6 cm . The optimum 

collector and reservoir temperatures were 742°and 322. 5°C. At 0.5V the 

2 

current was 25 A, giving a power density of 3.47 W/cm , The optimum col- 
lector and reservoir temperatures were 702°C and 295°C. The collector 
temperatures at 0.4V and 0.5V were achieved without the use of an 
external power input to the collector-radiator heaters. This indicates 
that the radiator is properly sized. 

Figure 5-3 is the performance plot taken at 1300°C (100°C below the 

design emitter temperature). At 0.3V the current was 25A, giving a 

2 

power density of 2.08 W/cm . At 0.2V the current was 43A, giving a 

2 

power density of 2.4 W/cm . 

Figure 5-4 is the optimum performance plot taken at 1500°C (100°C above 

the design emitter temperature). At 0.4V the current was 50A, giving 

2 

a power density of 5.55 W/cm . At 0.6V the current was 28.5A* yielding 

2 

a power density of 4.75 W/cm At 0.7V the current from the plot is 

2 

18. 0A, giving a power density of 3.5 W/cm . 

Figure 5-5 is the optimum performance plot taken at 1440°C. * At 0.5V 

2 

the current was 35. 5A, giving a power density of 4.94 W/cm . At 0.7V ‘ 

2 

the current was 11. 5A, for a power density of 2.24 W/cm . 

Figure 5-6 is a performance composite of SC-4. 

Figure 5-7 is a composite plot comparing the performance of the four 
final converter designs. 

The data sheets and I-V characteristics are presented in Appendix 5. 
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Figure 5-3 . Performance Plot of SC-4 Taken at an Emitter Temperature of 
1300° C 
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Figure 5-4/ 


VOLTAGE, V (volts) 

Performance Plot of SC-4 Taken at an Emitter Temperature 
of 1500°C 
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Figure 5-6. Performance Composite of SC -4 Taken at Specified 
Temperatures 
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Figure 5-7. A Composite Performance Plot of the Four Final Converter 
Designs, Taken at 14O0°C Emitter with Cesium Optimum 
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SECTION 6 


CONCLUSIONS AND EE COMMENDATIONS 


The measured output performance, exemplifying the finished product of 
this work, was 96,5 percent of the performance goals. Within the 
framework of these program goals, the converter physical size was 
minimized and the performance and structure were optimized. Nex* 
technology in the form of conical and convoluted rhenium emitter 
envelope structures was developed, along with the split ring ceramic 
for the envelope -co Hector and the conical collector. 

During the development of SC- 1 and SC -2a and SC-2b, all the problems men- 
tioned during this program x^ere solved. Converters SC -3b and SC -4 were fab- 
ricated and tested providing the successful conclusion of the program. 

The performance of these converters has been established during this 
program. It is recommended that this design be incorporated into a 
generator in order to evaluate the performance in a simulated multiple 
converter configuration. Other developmental considerations such as 
emitter and collector heat pipes must be pursued in order to achieve 
the ultimate thermionic conversion generation system. 
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APPENDIX I 


CHEMICAL CLEANING PROCEDURES 
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APPENDIX 1 


CHEMICAL CLEANING PROCEDURES 


1*1 RHENIUM 


a. General oakite procedure 

b . Place in hydrochloric acid and boil for 15 minutes 

c. Rinse with distilled water 

d. Rinse in two boiling baths of distilled water 

e. Ultrasonic in alcohol for 30 seconds 

f. Hot air dry 

g. Wrap in lint free > sulpher free paper 

h. Store in a plastic bag 

1.2 OAKITE 

1 - part powdered oakite 
8 - parts distilled H^O 

Stir and partially dissolve oakite in cold water, then heat to 80°C 
and use at that temperature. Place parts in oakite. 

1.3 MOLYBDENUM 


a. Oakite cleaning procedure 

b. Place in hydrochloric acid and boil for 15 minutes 

c. Rinse with distilled water 

d. Rinse in two boiling baths of distilled water 

e. Ultrasonic in alcohol for 30 seconds 
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f. Hot air dry 

g* Wrap in lint free , sulpher free paper 
h- Store in a plastic bag 

1.4 TANTALUM 

a. General oakite cleaning procedure 

b. Place in hydrochloric acid and boil for 15 minutes 

c. Rinse with distilled water 

d. Rinse in two baths of boiling distilled water 

e. Ultrasonic in alcohol for 30 seconds 

f. Hot air dry 

g. Wrap in lint free, sulpher free paper 

h. Store in a plastic bag 


1.5 NIOBIUM 

a. Oakite cleaning procedure 

b. Place in cold niobium dip for two minutes 

c. Rinse with distilled water 

d ♦ Rinse in two boiling baths of distilled water 

e. Ultrasonic in alcohol for 30 seconds 

f. Hot air dry 

g. Wrap in lint free > sulpher free paper 

h. Store in a plastic bag 

1.6 OAKITE 


a. Heat oakite solution to 80°C 

b. Heat two rinse baths of distilled water 

c. Soak parts in hot oakite for 15 minutes (during the soak the 
oakite should be cooling in air; i.e., no fire under beaker) 
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d. Rinse parts in hot tap water until sudsing ceases 

e. Rinse in distilled water 

f- Boil in distilled water rinse baths' 

g. Ultrasonic in alcohol (30 seconds) 

h. Dry with hot air gun 

i. Wrap in lint free, sulpher free paper 

j. Store in a plastic bag until ready for use 


1.7 NIOBIUM DIP 


400 ml acetic acid 
1000 ml sulfuric acid 
100 ml hydrochloric acid 

Combine sulfuric acid to acetic very slowly (creates a lot of heat). 
Allow to cool, then very slowly add hydrochloric acid. 
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APPENDIX 2 
CONVERTER SC- I 
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BRAZING/ FIRING SCHEDULE 


GLEStKO-Oi^'tC^ GYCTLSKSCi 


DATE: . 


9-5-68 


PART DESCRIPTION: Nb Converter Flanges 

BRAZE type- Outgas Flanges at 1400°C Observed 10 Minutes 
WA NO. MlS ^ O Ol-O Ol 





























BRAZING/FIRING SCHEDULE 


EU£©YK©..©F‘T8C/ii. SVSYSK3S 


DATE: 1-23-69 HI 

PART DF^.PrmKi- Fixture for Lead 'Straps 

BRAZE TYPE; Put-Sgg 

WA Mn 4018-001-001 . 


OPERATOR:. 


Gon 















































EE.ECTKO-Ot®TBCAE. SYSTEK3S 


BRAZING/FIRING SCHEDULE 




l.C I 


DATE: 


12-16-68 


tr 


PART DESCRIPTION: ^ cm Collector (Heater Wire and R&S Add) 

Ti 


L 


I 


BRAZE TYPE 
WA NO. 


Conv 


29.0 - 29.3 1.5 min OPERATOR: PH 




























































BRAZING/FIRING SCHEDULE 


ELECTKO-QPTBCAE- SYSTEMS 


DATE:. 


12 - 17-68 


PART p p ^CP.IPT IOM- ^ cm (Rcbir3.zs) HB&tcir Wxtcb/Rss* PDA 

Ti 


BRAZE TYPE: 
WA NO. 


Conv 













































ELECmO-OPTBCAL SYSTEM© 


BRAZi NG/FIRING SCHEDULE 


DATE: 


1-24-69 


PART DFsrRiPTinM- Lead St rap - Nb - Re 


BRAZE TYPE:- 
V/A HO. - 


Ti 


4018-001r001 


OPERATOR: Gon 



















































ELECTRO-OPTSCAi- SYSTEMS 


BRAZING/FIRING SCHEDULE 


DATE:, 


1 - 24-69 


PART pFsrPtPTIftN: Lea< * Strap (Nb to Re) 


BRAZE TYPE: 


WA NO.- 


4018 - 001-001 


OPERATOR:. 







































































ELECTRO-OPTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 


Page 1 of 4 


DATE: 


2/6/69 


Anode to Cathode 
resistance 5.5 

Bottom hole emitter 
pyro obs. 


PART DESCRIPTION:- 


4 cm^ Converter Pinal 


BRAZE -T-Y-P€: degas, C Q loading and T/C calibration 


WA NO. 


OPERATOR:, 


Dave Pyle 














































^LECTRO-OPTICAL. SYSTEMS 


Hole Hole 

Obs . Obs . WA NO 

Pyro Pyro T/C Emitt T/C Emitt 

m _ .OPERATOR: I^adiri; 

Bottom T. 


Top Bottom To 


BRAZING/FIRING SCHEDULE 

Page 2 of 4 

DATE: 2 /8/69 

PART npsrpiPTinM. 4 cm 2 Converter ; 

T/C Calibration degas and C s Loading 

WA NO 

Operator. Loading Pyle 




^0750 




TEMP.°C 

No. 1 



TEMP.°C 


TEMP.°C 


PRESSURE DfAL 


No. 2 mV2 No. 3 m V 3 (mmHg) No. 


Int^— 


_***-*’ Ext. 


5 x 10 _ 9,x^ 


REMARKS 


990°C 


8.31 895 C 8.38 


1140°C 

1111°C 

10.87 

1128°C 

11.07 


1312°C 

1275 

12.83 

1307 

13.22 



1! 


x 10~ 7 
1.8 x 10-8 


1.8 x 10 -7 


1.5 x 10“Z^ 


'-'■"4 x 10~ 7 


7 x 10-7^ 


X 10 -7 



Seals apd collejtor running aliout 7p0°C at tlhis p 


1400°C 135 8° C 13.83 1403°C 14.37 2.72 1 1 - 5 x 10 


290 C, Bottom 1330 


surface; top 



x 10“ 7 j 13521C, bottom 1395°C 


2.751 8 x 10 L^| Surface; top 1355°C 


x 10" 7 j bottom 1390°C 



1400°C | 1363° C 113.831395 14.28! 285°C 11.60 5 x 


1400°C 


1395°C 


^4 x 10“ 7 


5 x 10-7^1 Surface; top 1350°C 


^■^ox 10“ 7 1 bottqm 1400°C 


285 11.60 4 - 5 X J 


'" 2 T 5 x 10“ 7 


284 ll.55l4.0xl 


S FORM NO. 806 J7/67) 

























































































































ELECTRO-OPTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 

Page 3 of 4 

DATE: 2/8/69 

PART DESCRIPTION: 4 cm 2 Converter 

BRAZE TYPF- T / c calibration degrees and C s loading 

Hole Hole 

Obs . Obs . WA NO 

Pyro Pyro T/C Emitt T/C Emitt Loading p 

Top Bottom Top Bot%Sfe RATOR: Tee — 















































|iLECTRO-OPTICAL' SYSTEMS 


BRAZING/FIRING schedule 


1221 = 300 C for 1 hr 


DATE: 


2/10/69 


PART DESCRIPTION: . 95 1 Converter 




Cs loading 


WA NO. • 


OPERATOR: 






















































ELECTRO-OPTICAL SYSTER3& 


BRAZING/FIRING SCHEDULE 


DATE: 1-23-69 

PART DESCRIPTION: PPHY Sea l Test 4 cm 


BRAZE TYPE:. 
WA NO 


Testl 


4018-001-001 



















































SYSTEMS 


BRAZING/FIRING SCHEDULE 


DATE: 

Mo 

PART DESCRIPTION: 

BRAZE TYPE: 

WA NO. 

OPERATOR: 


1 - 23-69 


Fixture for Lead Straps 

Outgas 

4018 - 001-001 



F.OS FORM NO. 806 (7/67) 

































































ELECTKO-OF*TfiCAL ©VSTEHEV3S 


BRAZING/FIRING SCHEDULE 

DATE: 1-24-69 

PART DF«;rp|PT[nM- Lead Strap (Nb to Rel 

BRAZE TYPE: : 

WA N0 4018-001-001 

OPERATOR: ^£5 



PRESSURE 

(mmHg) 

DIAL 

No. 

1 x 10" 7 

9 

6 x 10‘ 7 

10 

6 x 10 7 

11 

6 x 10 ^ 

12 

4 x 10 ^ 

13 

3.6 x 10" 7 

14 

4 x 10“ 7 

wm 

5.6 x 10' 7 

mm 

9.2 x 10' 7 

17 

1.4 x 10" 6 

17% 

1.4 x 10" 6 

18 



REMARKS 


RF On 



RF' Off 



EOS FORM NO. 806 (7/67) 


































































ELECTRO-OPTICAL SYSTEMS 


BRAZ1 NG/Fi RING SCHEDULE 


DATE:. 


1 - 24-69 


PART DESCRIPTION:. 


Lead Strap - Nb - 


BRAZE TYPE:. 


WA NO.. 


4018 - 001-001 


OPERATOR:. 




















































ELECTRO-OPTICAL SYSTEMS 


Station 1 Coil 8" 
Grid 75 
Tap 6 

14.8 mV - 5 rain 


BRAZING/FIRING SCHEDULE 

DATE: 1/30/69 

/ 2 „ 

PART DESCRIPTION: 4 . cm Cc 


BRAZE TYPE: 

WA NO 

OPERATOR:-, 


T|r>f,[. 4 cm Converter 

Seal 

4018-001-001 

PH 
























































































































bLeemO'OimcAL svstsrss 


BRAZING/FIRING SCHEDULE 


Station 1 Coil 8 n 
Grid 75 
Tap 6 

14.8' mV - 5 min 


DATE: 


1/30/69 


PART DESCRIPTION:- 


4 cur Seal (Cony) cyl 


Seal 


BRAZE TYPE: — 
wano. 4018-001-001 


OPERATOR: 



OS FORM, no; bob (7/67) 21 7 






















































































































ELECTRO-OPTICAL SYSTEMS, INC. j ^ 

‘ A XEROX COMPANY ' £ \ 1 " — — 

^ £ * N . * 


ELECTRON beam welding record' 


1.SHE ET_NO, 
'PAGE 


1062 

'OF' 


item NO Collector -Flange 

:WELDED TO. 

ITEM NO, collector 

HLLJERJMEJAL. 

w.a^noI 4018-001-001 

PATE 2/3/69 __ 

requester P. Hora 

■operator J ^ Fre y 


ASSEMBLY NO, 

ASSEMBLY NAME 

. 1 SERIAL NO./S 

f G . W. R ._N o : 

fM.O. NO. « 

f "shop traveler no*, 


Co Hector "Flange 
1-4 cm 


PLANNER . 


J. Tallaksen 


.observer P. Hora 


E/B WELD SCHEDULE DEVELOPMENT DATA SHEET NUMBER 308-1 


ELECTRON BEAM WELDING DATA 


COMP. REWORK REWORK REWORK ACCEPT* 


PARAMETER SETTINGS 

DISTANCE TO WORK 

• 7 

(Inches) 

FILAMENf current. 

' 1.75 

(Amps) 

ACCELERATING VOLTAGE 

120 

(W) 

BEAM CURRENT 

; 3.0 

(mA) 


BEAM SPOT DIAMETER AC T UAL — 008 
VIEWER, 


BEAM FOCUS 


511 

(Dial). 

rv /•- fsrn Au 

YTS _ 

X 


DX* DEFLECTION 1 

NO _ 





AX. DEFLECTION 

Y _ * 



YES 


CIRCLE GENERATION 

NO 



ACTUAL 

H(T 3 Inches) 

CIRCLE 0 A 

VIEWER 

(Increments) 


ACTUAL 

flO' 3 Inches) 

CIRCLE LD. 

VIEWER 

( Increments) 

LINEAR SPEED Or(fTp 

Jl) -10 


SPEED INDICATOR 



60 

fDlol) 

TIM ER 

off 

(Seconds) 


RISF 

(Percent) 

SLOPE CONTROL 

'FALL .60% 

(Percent) 


WIDTH 

(Midi Sec.) 

PULSER SETTINGS 

FREQ. ' 

- CPS 

VACUUM 

5 x 10" 5 

(mm of Ho) 






REMARKS. 


Butt weld Nb to Nb 0*020 flange 2.250 dla 



E"0$ form NO. 866 (!1/67>t 
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electro-optical SYSTEMS, INC. 

* A, XEROX COMPANY 


( ? \ £ a c o ) 
> . 

ELECTRON beam welding record 1 


[SHEET NO, L 
Space 


*OF\ 


ITEM NO 


Emitter * Flange 


ASSEMBLY NO,. 



— .WELDED TO. — •' 
Emitter Lead Strap 


ASSEMBLY NAME 

Cvl. Converter 

1TFM NO. 

I SERIAL NO. /S 1 

1-4 cm 

FILLER METAL 



. y n,w w mo.' 


W.A. NO. 

4018-001-001 


r M.O. NO. 

• 

DATF 

2/3/69 


[ CHOP travfi'fq no 

REQUESTER _ 

P. Hora 

PHONE 

2878 planhcb j - Tallaksen 

OPERATOR 

J. Frey 


OBSERVER 

P. Hora 


E/8 WELD SCHEDULE DEVELOPMENT DATA SHEET NUMBER , 


308-2 


ELECTRON BEAM V/ELDING DATA 


PARAMETER SETTINGS 

COMP. 

REWORK 

REWORK 

REWORK 

ACCEPT. 

DISTANCE TO WORK 7 (Inches) 


1 " 



7" 

FILAMENT CURRENT. 1.75 fAmosI 


1.75 



1.75 

ACCELERATING VOLTAGE 150 ft VI 


150 



150 

BEAM CURRENT 1 2:5 (mA) 


3.7 



3.7 

BEAM SPOT DIAMETER ACTUAL . min ,Q?.\ 3 J. n J*££). 

VIEWER - f Increments) 


min 


• 

min 

BEAM FOCUS 558 fDioIl 


553 



553 

D.C. DEFLECTION' - YES ~ 

- • • NO 


* 




A.C. DEFLECTION _ X 

• •• Y 



• 



CIRCLE GENERATION- YE ? 

NO 






CIRCLE 0.6. ACTUAL O0 ' 3 

VIEWER - (Increments) 




• 


CIRCLE LD. AC . TUAL !! 0 * 3 

VIFWFR (Increments! 

| 






! 

23 



23 

SPEED INDICATOR 130 (Dbl! 


120 



120 


IMBHf 

2.6 



2.6 

SLOPE CONTROL _ R,SE . ^ ' fPc _ r< : en,) 

FALL oU/o (percent} 


60% 



60% 

v/itvm (Milli Sec.) 

PULSER SETTINGS lum ’ 

FREQ. .. — . - CPS 






VACUUM . 8 X 10' 5 fmm nf Hg) 





8xl0" 5 


REMARKS. 


(Nb to Mb) 


EOS FORM NO. 866 <1t/67J\, 


~2T 
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ELEPTRO-OPTICAL SYSTEMS, INC. 

* A XEROX COMPANY 


/ 

iwc. — 



ELECTRON BEAM WELDING RECORD' 


|SHE£T_NO.'* 

:PAGE__ 


ITEM NO^ 

FILLER METAL. 


REQUESTER 


OPERATOR 


Heat Chqke (Re) 

WELDED T0 t 

Emitter 


4018-001-001 

2/3/69 

P. Hora 

J, Frey 


ASSEMBLY NO 

ASSEMBLY NAME Qyl . _ 

1 SERIAL NO./S 1-4 Cltl 

S G.W.R. NO.’ ' 


i_ M.O.^NO. . 

[ SHOP TRAVELER NO. 

2878 


E/B WELD SCHEOULE DEVELOPMENT DATA SHEET NUMBER Zo4-~l~4 cm 


ELECTRON BEAM WELDING DATA 


PARAMETER SETTINGS 


DISTANCE TO WORK ' 


FILAMENT CURRENT. * 1.75 (Amps) * 


ACCELERATING VOLTAGE 130 (kV) 


BEAM CURRENT ' ' 


DCAll CDAT nt/lJCTCn 

ACTUAL 

min 

(10' 3 Inches) 

Dt AM vi U k UlAMfc I lK 

VIEWER _ 


(Increments) 

BEAM FOCUS 



(Dial) 


YES 

X 


UiLi tj L i LLLTION 

NO 




*X 



A.C. DEFLECTION 





YES 



CIRCLE GENERATION 

NO 




ACTUAL . 


HO* 3 Inches) 

CIRCLE O.D. 

VIEWER 


(Increments) 

ripri f i r> 

ACTUAL . 


(Uf 3 Inches) 

LI KLL l l.U. 

VIEWER _ 


(Increments) 

LINEAR SPEED OR (r.PJA 


40 


SPEED INDICATOR ~ 


200 

(Diol) 

TIMER 


SSSS9H 


RISE 


(Percent) 

SLOPE CONTROL 

FALL 

60% 

fPerccnl) 


WIDTH 


(Milll Sec.) 

PULSE R SETTINGS 

FREQ. _ 


_ CPS 

VACUUM 7 

x icr 5 


(mm of Hg) 


REMARKS. 


Come straight down around i,d. of heat choke 0.725 dia 
(Re to Re) 




EOS FORM NO. 666 (il/67>. 






















ELEJCTRO-* OPTICAL SYSTEMS! IIMC. 

' A XEROX COMPANY 


ELECTRON beam welding record* 


i sh e ftJmo: 1065 

’PAGE, * O F\ 


jtem no. Collector Flange 


IT EM UOj. 

FILLER METAL 


— .WELDED TO 

Collector 


Cyl. Converter 
1-4 cm 


4018-001-001 

date , 2 /V69 

requester P. Hora phon 

OPERATOR . 

E/B WELO SCHEDULE DEVELOPMENT DATA SHEET NUMBER 


ASSEMBLY NO 

ASSEMBLY NAME . 

I SERIAL NO*/S_ 

! G.W.R. NO. 1 

\ M-O. NO. . 


_ | SHOP TRAVELER NO. 

2878 Pt AUMct) J. Tallaksen 

_ OBSERVER __ 

308-3 


parameter settings 

DISTANCE TO Y/ORK 


FILAMENT CURRENT. 

1.75 

(Amps) 

ACCELERATING VOLTAGE 

150 

(kV) 


ELECTRON BEAM V/ELDING DATA 


COMP. 


• ■til W ■ « 1 9 


REWORK | ACCEPT. 


BEAM CURRENT 



ACTUAL 

min 

(l(f 3 Inches) 

BEAM SPOT DIAMETER 

VIEWER. 


(Increments) 

BEAM FOCUS 


553 

fDioh 



YES 

X 


DX, DEFLECTION 1 

NO 




X 



AX. DEFLECTION 

Y 




YES 



CIRCLE GENERATION 

NO 




ACTUAL . 


HO -3 Incites) 

CIRCLE 0.6. 

VIEV/ER . 


(Increments) 

. 

ACTUAL . 


(10* 3 Inches) 

CIRCLE I.D« 

VIEWER . 


(Increments) 


SPEED INDICATOR 


TIMER 


SLOPE CONTROL 




win™ 

(Mi III Sec.) 

PULSER SETTINGS 

FREQ. 

CPS 

VACUUM 

6 x 10" 3 

(mm of Hg) 



REMARKS- 


Pierce -weld through 0.. 020 flange ( Nb .to Nb> 2,150 d-ia 


EOS FORM NO. 666 (H/67), 


















EUEJCTRO-OPTICAL SYSTEMS, INC. 

' A XEROX COMPANY 




ELECTRON beam welding record' 


iSHEETNp.'- 
'PAGE 


ITEM JMO. 

FILLER METAL. 


•WELDED TO. 

Collector 


4018-001-001 

OAT. W? 

REQUEST ER P. Hora PHOK 

OPERATOR J- Fr£ y — 

E/B WELD SCHEDULE DEVELOPMENT DATA SHEET NUMBER 


ASSEMBLY NO. 

AS$EMBLY_NAME’ 

_ {SERIAL NO./S 

__ I G.W.R.NOJ 

NO. 

— TRAVELER^NO., 

2878 


Cvl. Converter 

1-4 cm 


.OBSERVER . 


PLANNER „ 

P. Hora 


PARAMETER SETTINGS 


DISTANCE TO WORK 6 


A SHEET NUMBER 26 9~5 


ELECTRON BEAM V/ ELDING DATA 


COMP. REWORK REWORK REWORK ACCEPT. 


FILAMENT CURRENT. 


1.75 

(Amps) 

ACCELERATING VOLTAGE 

110 

(LV) 

BEAM CURRENT 


- 5.0 

(mA) 

BEAM SPO^ DIAMETER’ 

ACTUAL 

min 

(Uf 3 Inches) 

VIEWER. 


(Increments) 

BEAM FOCUS 


498 

(Did) 


YES 

X 


D.C. DEFLECTION 

NO 



_ . .... 

X 



A.C. DEFLECTION 

> 




YES 



CIRCLE GENERATION 

NO 




ACTUAL , 


do’ 3 Inches) 

CIRCLE O.D. 

VIEWER 


(Increments) 

r’lnn r i r\ 

ACTUAL 


OO* 3 Inches) 

CIRCLE I.D. 

VIEWER . 


(Increments) 



SPEED INDICATOR 


TIMER 


JO (Dioi) 


1.4 (Seconds) 



PULSER SETTINGS 

WIDTH 

FREQ, 

(MtHi See.) 
CPS 

VACUUM 

7 x lO" 5 

(mm of Hg) 




EOS FORM NO. 866 (11/67); 



























ELECTRO -OPTICAL BVSTEIV 1 S, INC. 

I * 

‘ A XEROX COMPANY 




ELECTRON. BEAM- WELDING RECORD' 


|SHEET_NO._ 
'pagf 


ITEM NO. 

FILLER METAL. 


REQUESTER 


OPERATOR 


Reservoir 

; WELD ED TO, 
Collector 


4018-001-001 

2/4/69 
P* Hora 

J . Frey 


ASSEMBLY NO. 

assembly name Cy 1 « Convex: t e r 


I SERIAL NO./S- 

— f G.W.R^NO.' 

f_M.O. NO. • 

— 1 SHOP TRAVELER HO. 

2878 


1-4 cm 


.OBSERVER . 


PLANNER _ 

291-1 


E/B WELO SCHEDULE DEVELOPMENT DATA SHEET NUMBER 


ELECTRON BEAM WELDING DATA 


COMP. REWORK REWORK REWORK ACCEPT. 


PARAMETER SETTINGS 

DISTANCE TO WORK 


7 

(Inches) 

FILAMENT CURRENT. 


' 1.75 

(Amps) 

ACCELERATING VOLTAGE 

110 

(kv) 

BEAM CURRENT 


: 2.0 

(mA) 

: BEAM SPOT 'DIAMETER 

ACTUAL 

0.010 

(Kf 3 Inches) 

VIEWER. 

‘ 7 

'(Increments) 

BEAM FOCUS 


525 

(Diol) 


YES 

X 


D.C. DEFLECTION 1 

NO 





AX. DEFLECTION 

Y 


■ 

YFS 


CIRCLE GENERATION* 

NO 



ACTUAL 

HO* 3 Inches!' 

CIRCLE O.D. 

VIEWER 

(Increments) 


ACTUAL 

HO -3 Inches) 

CIRCLc 

VIEWER 

(Increments) 



SPEED INDICATOR 


TIMER 


SLOPE CONTROL 

RISE 

(Percent) 


FALL 607o 

(Percent) 

PULSER SETTINGS 

WIDTH 

.(Mill! Sec.) 


FREQ. 

CPS 

VACUUM 

9 x 10-5 

g:’:l i 

• (mm of Hg) 



REMARKS. 


Butt weld at 45° on interface between reservoir and adapter (TatoTa) 



.EOS FORM NO. 866 (11/67) 























28 






























































































CONVERTER NO . — SHEET OF- 21 


DATE 

~*777 

2./ . 

V H 

V /H 

J, 

*VH 

V M 

v H 

TIME 

vs s c 

Vo 1 o 

V\ 0 C 




IH 0 0 

PRESSURE 








10“ 6 TORE 
















v b 

C3 ^ 






* 

lb 








V f 

O fS 







*£ 

~ 















T 

r 

°C 


3 c n 

? x 3 

iA 

= \ 2> 

5 4 V 

5 c ty 

U 3 a 

047.^ 

*”c 


■H C L 

= 4 M 

L c 3 

1»S0 


T 

c 

r**" 

°c 


^22 

Xs l V . 4 

U<« 

3 a 3 

lav.? 

°c 


*4 l 1 

5 °10 

V. H 3 

L~1 

333 


COL. 

HTR. 

V 








I 








T 

s 

° c 


4 L~ 7 

■D Is IS 

t 2-1 

L ? 16 j 

Vo 44 

IQ Z 

££!l 








T 

res 

°c 


2.0 to ' 

2.4 0 

2-4 4*4 

3 4 2. 

3 X 3 

331.2 

°c 


3l o \ /; 

^ V X 

2-V4.-; 

3 30 

3 o a 

1X4,4 

RES. 

HTR. 

V 

I 























T 

e 

III 



\a4 i 

l4 0\ 

\3~<i y 

\3°10 

\3 43 

pK 







* 

T, 

K 


47 3 .*-» 

= 11 

t» 3 S 

~TT7~ 

^ v \ 

U1 \ 







OUTPUT 








VOLTS 


As \ , 

.ex'? 

. o 2.4 

. \ 

,23 n 

»a44 

AMPS 


0 .c . 

^ . e . 

c . c . 

a v, 

4- 4 

4 o 

WATTS 





a.\o- 

\\ . ^ l 



• 







PHOTO # 



■ **PH>*«4»* *Vbwmpmm 

1* 





29 
























TIME 


PRESSURE 


10" 6 TORR 




1 

1 





3 2. ^ l 3 Z'? 


.7 


,-no ,~i 


v 2-^ V2-W I \2.7 \2.") 


1 S . O I's ,0 I \Mr , H 


° c | <o ^0 Vo^Q .a 1 


3 


U U l 


°c S "7 hao 


° c 130 11 o .M IS-I T3H 

col. v j W-°\ I WA 1 

HTR. -} X\ 


°C lAll |b°il U c t c l 


.710 


\2.;i 




"Kc 




1A2 


12^ 


\VA 


V3\o \H-1 


t3'7 


(.{1 


150 


"7511 


^7< 


1H~7 


1 )•> 



VOLTS 


.. 3 

- 2-7 S' 

AMPS 

2lHjX 

40 

3 <H .<1 * 

WATTS 

V.’s’i 

W.3 2 

\\ . X 0 


V\_V* 

I ? A3 






30 
































































































5 c - l 


1^00 




t / 3 ^ *j<r j^^Ajt-- 

3^/K\. P \ / 10*7% KK ^Jv^VVVMT 


^•vJ^V, — \ ”*} O 0 Cl 


^/in 

-R, 

ciU^. 


luo 


C1^-xa^ ^Sl. , Tr^A 


~T^ 


,-v ^ 


^/ in iioo 

R ewJU^ 1 _*v-wn_& '^~ ^ t/VN ^ JL^VVN*^t 

ifctvJu^ X- IVOy p c /nrv\A^^> . C*- 

(j^(r 3 ^cw >^K - • /vvi^Cwca^J) 

O'- '^1 "^* ^ ^ 'N *"~- V ft 0 C ^A--~ — <5 La/>TV< - J^ 

t/ ^^^,<_4 ^-vv^Xfcu. R- \Aoc 
.ar, \|. Q "io K> 


(Mi 


\i ^ o 


' l v O' 


I M r 


tJV\ 

r\j 'J\S>*\,'iJLA**J^I cS^Zi-L-y 


jttx^ J^l/(^OL.1 


^ *A \ 0 yfevv 

3 >U_A- iuL. <^Jl 


0 


31 



CONVERTER NO 


DATE 


TIME 1 V~? CC 


PRESSURE 


10" 6 TORR 


SHEET 


a / n 

a //a 

V,v 

a /|V 

V,v 

a /,v 


a-to 


\ 




\H .1 


nw 


l=lo \ IH'f 


I toi u.7 J ns 7.? 


a 3 , ^ 


\.Q 5 


W-‘\ 






U S 

L 2- ‘l 

1 w l 

SlH.b 

nnz 

W Y\ 


3U0 3 




\v.^ 


a I \«\ .x 


3 (,0 


to so L.3 t U3 


lo 73 ,H ^TV> 


^ Y 0 Ul^ \ {, 1 % 


V.'ti .2. 


3 \ 3 .o 


3oi 3 a*t 




1=10 Ui 0 


3cM,T 

D 

31=1 0 

2-Srt 


e lo. 


I H2^ \5lvo | \aw I \avs I \3 lVY 


*7 


OUTPUT 


VOLTS 


AMPS 


s 


. \HV 


a^a 3o.o^ 


\2.33L | ~1 . V\ I.jO U- 71 . ^.- 4 f 5 ’ 


PHOTO # 





























































































CONVERTER NO. 


SHEET -2 OF. 


DATE 


TIME 


PRESSURE 


10" 6 TORR 


V b 

3 5- A. 

I b 

v <0 U 

Vf 

'n.a> 

x f 

\^.2. 



T 

°c 

e 

°K 


1°c us*.: 


OUTPUT 

VOLTS 


AMPS 


WATTS 
PHOTO £ 


.a® a .a 


3o,H 


.3L31 I >3 2.% I . V v ^ 


7.bo 2 ji 2 z 2 z U.M3 U-VH 7%*f3 




7.L ? 


.1^2. 


*40,(to 


7.1/ 


33 























































































DATE 


TIME 


PRESSURE 


CONVERTER NO. 




s C \ 


a- / 

/ I 


SHEET 



^ 1% 


\ 5*00 



v f 

W.3 

I f 

\H. 2. 


o 


1 0 


v\_ 3 


. a 


3a = 

3 00 

20 0 

. b VO 

.to j 0 

. 0 

W . 3 

\\ .3 

W 3 

\^. 2. 

\^. 2 

2. 




C| (,41. | | (o^7 Uo u liH 




°c "703.7 1 0 2 . 


°C 7 lO.d "7 


v \\.^ | V\. c \ 

“TTTTT" 


^03 


‘7 i 0 


W<\ 


la 5 Vs 


Is lo > 


lo \ b .*V 


S a 




3 c 


>C 3 ig 


>C 3 00 



I o \j . j l^io I 3 l 1 


3 o a. 

jn ! 

a«i a 

2.^7 ' | 

27^3 1 

3-1 V 



| 

.avi 

ao •si't 

ao.o 

i.V'l 

S .IV 


PHOTO # III 


34 










































































































CONVERTER NO. 


DATE 


TIME 


PRESSURE 


10" 6 TORR 


v b 


IRTER NO _ jSjl. \ 


**/ He 1 1% 


I S ao 



SHEET nv ^ . 


v:* v;*1 v; 




3\0 

3 \ a. 

SL 0 ! 3 


34 V 

3 2LQ 

* (oOS 

. <o \o 

. U7 0 

1 -T7 3 ©j 

» 1 Q. 0 

.740 





\ 4 . * 2 » 


r |°c| U 1 u | u 1S.£ I U ao 


i, 4 *i 



COL. 

HTR. I j 



C US *] | G u4 

| r 



’c| a. <o~7 | 2 . 71.7 | 3 q % 




U V> 7 I GU4 


U57, 4 


3^3. SI 3 l -S 


3 07 


U*a 0 

UloO 

7 1 3 

7 | 

7 S3 

12 l % 


U V 7 


RES, 
HTR. I I 




3 1 7 



°c \ \avi 


e lo, 


5 c U4 °j I U 5 0 


\3iV7 \337 


U a I t>4 <1 1 G77 


OUTPUT 


VOLTS 


AMPS 


WATTS 


PHOTO 4 



. \a°i | . | 1 i j .no L l io <i L 27 % 


SLo.aako.Ob Ho.o^ko.ia 40.3.4 


a,Ul |4.3o |£.l4 7.G^ {GAT. |\o.SK 


35 






































































































CONVERTER NO, 


SHEET OF X. — 







36 
































































































SC. v 

\ 05* 0 

"^(■VYVIV- zA.V jfc-“ cJ^X. <-A. Cc-v^ Ca^v->X\a. oJ^ 

^A/w^ . jl-sr wt s&4S4£^-f2X. C Cjtr*>*-AXX — 


,/yv\A-^ 
Jt- yv. u/j^>^crxCc, 

0 






/YV. 


J»-<- 


norvi C 

23 . 


CiX-^A 




^<^v, J|2. ^-O- L4TW1# X < X<^ , ^i'W'N AA-r^i 

^-v>Xav< % 

v y Col ^ AatvX^* (,V\\ Xt -t| JU^Xm 

JL— u>n v a+X Xj^-^ZK ^ iri^A. 

V'V^wA- -vc^^£-L^ . 

< aljk^ ^*^4 :JU- JUttU ^jj ^zt . \j ^ 

-*AJ— V>*A AV>V(V t-X\ jX<r /Va./j^A^C “I <U <^A-A 

C$~a CX-Cn. * v c t c. C-<_Xa\ 

Caot^* 1 J^-Xix % COT 

A^-k Lv^-A^ C*^y2_>c x<vX^yvi A C^'V^wJLefc^-Cv^ 'Isv— 

3a^c( ^OA JUU ^JUiv ^ yL^c^vvv^v. 

- A-VvlwA, / NA fc ^Cv>s 3^T' C-A-AaA_ A^-XaXC^ ^X^A. 

wX^^<( JL x-*— ^>X<v . fc-* 

>^~^\A 'V <- <*~4 O^-X ^2 -£^-va~< \ ^ >^>Aavn 


L^n 




~~~2j- 


L.\ » 


» 


yj^s 




V 3 ; 


03 


\ 3 0 0 

eXr * v -V- £_x~lfc.^ 



JL vwn.A^^\ > Aa^( Xa cC tx\' 

fsJ-V^X^A, JX.^ 

AJL- jl. <~Jv 


\NnX1 Xa. Os. 

*'Vn v ^^VjL^r^/x AA\ 

Av^rCt 


V: a > 1 U C 0 

Ca/Vwxvvv, X C\.V \ ^ ' • • • Ct 

C\^A- t \!<J — l c ^-X( 

«x 

J v w ^ S J/-&AAXxq • • - N a MU- 
(^L«o<~* w-v. ^-*-\_ O . ”3 , — 



^fc«nf- 


Cw'’' 


37 




Photo No. 1-SC-l 


SC-1 T e = 1279°C 

T c = 717°C 

T cg = 317°C 

X axis = O.lV/div. 
Y axis = 20A/div. 


Photo No. 2-SC-l 


= 128 0°C 


t coll = 717 d c 
T cg = 313°C 

X axis = O.lV/div 

Y axis = 40A/div. 


38 


Photo No. 3-SC-l 


SC-1 


COLL 


CS 


= 1340°C 
= 763°C 
= 316°C 


X axis = O.lV/div. 
Y axis = 20A/div. 



Photo No. 2-SC-l 


SC-l t e = 1352°C 

t coll ■ 777 - 5 ° c 

T cs - 317»c 

X axis = O.lV/div. 
Y axis = 20A/div. 


39 







iVoy 




APPENDIX 3 

CONVERTERS SC-2a AND SC-2b 


4018-Final 


41 



SC -2 


ELE“CY£2©-©PTECaL SV£3YE&3;S 


BRAZING/FIRING SCHEDULE 


DATE: 5-18-69 

PART DESCRIPTION: Re Lead Strap 


BRAZE TYPE- Anneal to Ti Braze Temp (4 Sq„) 



EOS FORM NO. 80S (7/67) 

















































SC -2 


EJLECTRO-GIPYSCAL SVSTE&3G 


BRAZi.NG/FIRING SCHEDULE 


DATE:. 


5-20-69 


PART r>F<;rp|PT|nK|. Nb Flange Re Lead Strap 4 cm 
T 

BRAZE TYPE; 1 














































SC-2 


BRAZING/FIRING SCHEDULE. 


DATE: 5-19-69 

o 

PART DESCRIPTION: Heater and Res Adapter 4 cm 

T 

BRAZE TYPE: 1 1 



EOS FORM NO. 806 (7/G7) 













































SC-2 


BRAZING/FIRING SCHEDULE 


DATE: 


5-20-69 


PART DESCRIPTION: 


Nb Flange Re Lead Strap 4 cm^ 


BRAZE TYPE:. 


Ti 


WA NO»- 


4018-001-001 


OPERATOR:. 


Gon 



































SC -2 


GYSTGEl'-S 


BRAZING/ FI RING SCHEDULE 


DATE: - -5-20-69 

o 

PART DEscRiPTinM. ■.Heater . and_.Re_s_Adapter 4 cm 
' T 1 

BRAZE TYPE: 



|EOS FORM WO. 806 17/67) 






































SC-2 


Ea.EGYRO-Oi»TS55AL S5VSSTE&3S 


B RAZI NG/F1RI NG SCHEDULE 


1700 C UBS (SURFACE) 

i t 

1000°C UBS (SURFACE) 


DATE: . 


5-28-69 


PART DESCRIPTION:- 


4 cm Emitter E.B. weld 


KKKSSXKSE6? ■ 


Thermal cycle 


WA NO. 


4018-001-001 






















ELECT£20-0PT1C^E- SVSYJSB3Q 


SC -2 


BRAZING/FIRING SCHEDULE 


DATE: 6 30-67 

PART DESCRIPTION: it- EHL Converter 1 

ETRXZF TVFF: Outgas at 60Q°C (rework converter, leaked 

around heat choke) 

Vi'A NO : 
























(electro-optical systems 


Page 1 of 2 
SC -2 


(60 mg) 


BRAZING/FIRING SCHEDULE 

rMTC 6-11-69 


DATE: 


PART DESCRIPTION:. 


SC No. 2 


OBSERVED 


TIME 

TEMP.°C 

No. 1 

1130 

1500 


BRAZE TYPE: Final OutlgciS 1500 C 

WA NO 


OPERATOR:. 


6-12-69 0840 



.OS FORM NO. 806 (7/67) 















































ELECTRO-OPTICAL SYSTEMS 


Page 2 of 2 
SC -2 


(60 mg) 


OBSERVED 


BRAZING/FIRING SCHEDULE 

DATE: 6-11-69 

PART DF-Srsip-rinN- sc No> . 2 

BRAZE TYPF: Final Qutgas 1500 C 

WA NO 

OPERATOR; _ . EGK 








OS FORM NO. 806 (7/67) 



























(electro-optical, systems 


SC-2 


BRAZING/FIRING SCHEDULE 


DATE: 7 ~ 2 ~ 69 

2 

PART npsrpiPTinu. 4 cm Converter Rework 

BRAZE TYPF- Outgas and Cs Loading 

WA N0 .„ 401 8-0 01-001 






























ELEQTRO-OFT^CAL SYSTEMS 


Page 1 of 2 


280°C Max. on T 


Max. int pressure 
1 mA = 1 x 10 ^ torr 
Max. on seal is 750°C 
No. 1 - COLLECTOR 
No. 4 - BACK SEAL 
No. 3 TC - T 


BRAZING/F1RING SCHEDULE ( Emitter temp 1600 C 

Vmax. (1580 C obs) 


DATE:. 


7-2-69 


PART nFsrpiPTinN. A cm Converter Rework 
-j-ypE- Outgas and Cs Loading 

wa N0 . 4018-001-001 

. _ Lon Gresham FL 


OPERATOR: 


Fil . 

V/A BOMBER V/A 


REMARKS 



OS FORM NO. 806 [7/67) 




















































































ELECTRO-OPTICAL SYSTEMS 


SC-2 

Page 2 of 2 


280 C Max. on T 


Max. int pressure 
— 6 

1 mA = 1 x 10 torr 

Max. on seal is 750°C 
No. 1 - COLLECTOR 
No. 4.- BACK SEAL 
No . 3 TC -T 


BRAZING/FIRING SCHEDULE /Emitter temp 1600 C 

max. (1580°C obs) 


7-2-69 


4 cm Converter Rework 


PART DESCRIPTION: . 

BRA2E yype* Out gas and Cs Roadin^ 

WA NO. *018-001-001 

SEA£ PERAT0R: D ° n Gresham ‘ 




Fil. 

V/A BOMBER V/A 



OS FORM NO. 806 (7/67) 
















































































Et-ECTRO-OPTICAU SYSTEMS 


SC -2 


BRAZING/FIRING SCHEDULE 


DATE: 


7-7-69 


PART DESCRIPTION:. 


SC-2 Rework 


300°C 
1 hour 


BRAZE type* Cesium Drive 


WA NO.- 


OPERATOR:. 


EGK 



























ELECTRO-OPTICAL SYSTEMS 


_ . poiL 

. ' ( 


BRAZtNG/FIRlNG SCHEDULE 

8 - 5-69 


DATE:. 


PART DESCRIPTION: — 
Ti 


Re to Nb 


BRAZE TYPE: 


WA NO. i2UL 


opFBATnp- Mitchner 



OS FORM NO. 806 <7/67) 


55 





















































ELECTRO-OFTSCAf- SYSTEMS 


BRAZING/FIRING SCHEDULE 


PART DESCRIPTION: Re PlSC £or - : 

braze TYPE: 0ut S as Converter 


WA NO. 

npFPATnp- R.K. 












































ELECTRO-OPTICAL SYSTEMS 


1700 C - 15 min. 
(29.5 mV) 


BRAZING/FIRING SCHEDULE 

8-11-69 

DATE: 

2 ' 

PART DPsrpiPTimi. Re Discs 4 cm Converter 

BRAZE TYPE: — Anneal 

4018-001-001 

WA NO 

opfr atop- Mitchner 



PRESSURE 

(mmHg) 

DIAL 

No. 

0.8 x 10" 6 

9 

1.3 x 10-6 

10 

1.2 x 10 -6 

11 

1.4 x 10' 6 

12 

1.2 x 10“ 6 

13 

HfflBjH 

14 

BHBl 

15 


16 


17 


18 

0.9 x 10" 5 

18 

0.7 x 10 -5 

18 

0.5 x 10" 5 

18 




REMARKS 


R.F. ON 





OS FORM NO. 806 (7/67) 





















































ELECTRO-OPTICAL SYSTEMS 


Page 1 of 2 


BRAZING/FIRING SCHEDULE 

DATE: 8 ~12-69 

PART r>F<;rpiPTinK|. Nb to Lucalox to Re 

BRAZE TYPE: 

WA no. 40 ,1 8-001-001 

OPERATOR: P_ 0 ? 



OS FORM NO. 806 {7/67) 
















































































































ELECTRO-OPTICAL. SYSTEMS 


Page 2 of 2 


BRAZING/FIRING SCHEDULE 


1000°C 


Heat cycle 3 times 
to up 150°C per min. 

Cool to 200°C before recycle 


DATE:. 


8-12-69 


PART DESCRIPTION: - 


Nb to Lucalox to Re 


BRAZE TYPE: 


WA NO*. 


4018-001-001 


OPERATOR:. 



OS FORM NO. 806 {7/67) 























































































EL.ECTRO-OPTSCAL SYSTEMS 


BRAZI NG/FIRi NG SCHEDULE 


DATE: 8-20-69 

2 

4 Lead Strap to Heat Choke (3-1) 
PART DESCRIPTION: i 

T 1 

BRAZE TYPE: 


wa 4018-001-001 


OPERATOR: Gon 



















































ELECTRO-OPTICAL. SYSTEMS 


BRAZING/FIRING SCHEDULE 

DATE: 8-21-69 

PART np^f~p tPTifiM. Rs Choke Nb Lead Strap (3-2) 

BRAZE TYPE: Ei 

wa NO. ^018 , -001 . -00 , 1 ! 

OPERATOR: 


TEMP.°C „ , TEMP.°C w „ TEMP.°C 
No. 1 mV 1 No. 2 mV 2 No. 3 mV 3 


PRESSURE 

(mmHg) 

DIAL 

No. 

6 x lO” 7 

9 


REMARKS 



.OS FORM NO* 806 (7/67) 














































ELECTRO-OPTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 


DATE: . 


8 - 21-69 


Nb Lead Strap 

PART nFsrpiPTjnM. Lead Strap Assembly R e Heat Choke 


BRAZE TYPE: 


Ti 


WA NO 4018 - 001-001 


OPERATOR: 



















































ELECTRO-OPTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 


(Gonv) - Re - Heat Choke 
Nb - Lead Strap 


DATE: *-**-*>? 

part DESCRIPTION:. Lead s . tr ? .P-As.semb.ly ( No. 3.r-4.)_ 
Ti 

BRAZE TYPE: 


WA NO.- 


4018 


OPERATOR: _£on. 






















































ELECTRO-OPTICAL SYSTEMS 


BRAZi NG/FIRI NG SCHEDULE 


DATE:. 


8-25-69 


COLLECTOR 


PART DESCRIPTION: 


4 Converter 


2 — HEATERS BRAZE TYPE* Ti. 

RESERV. ADAPTER Amp, 

V/A NO. 

OPERATOR: 2. 



OS FORM NO. BOG {7/67) 


64 











































































ELECTRO-OPTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 


1400°C = 25.03 mV 
1400°C for 10 min. 


DATE:. 


8-27-69 


PART npsrpiPTiQN- Seal Braze Flanges 4 


BRAZE TYPE: 


Anneal Before Forming at 1400°C 


WANO. 


4018 


OPERATOR: - - Gon 



TIME 

TEMP.°C 
No. 1 

mV 1 

TEMP. e C 
No. 2 

mV 2 

TEMP.°C 
No. 3 

mV 3 

PRESSURE 

(mmHg) 

DIAL 

No. 

REMARKS 


1551 

Room 






5 x 10~ 7 . 

9 

R.F. OR 


1553 







3.8 x 10" 6 

10 



1555% 


6.88 





4.2 x 10“ 6 . 

11 



1557 


13.40 





2.4 x 10" 6 

12 



1559 


19.94 





2.2 x 10‘ 6 

13 



1601 


22.88 





3.2 x 10~ 6 

14 


X 

16 02| 


25.03 





4 x 10~ 6 

14 



1605 


25.03 





3.4 x 10 -6 

14 



1607 


25.10 





2.8 x 10" 6 

14 



1612 


25.20 





1.4 x 10 -6 

14 












R.F. OFF 



NO G00I 

SCHE 

OULE TOO 

HIGH 






















































































































































































— 










■HH 


OS FORM NO. SOS (7/67) 
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ELECTRO-OPTICAL SYSTEMS 


1000°C = 18.12 mV 

lloo°c = 19.94 mV . B RA 2 1 N G/ F I R I N G SCHEDULE 


FOR ANNEAL Nb 



OS FORM NO. 806 (7/67) 


66 





ELECTRO-OPTICAL SYSTEMS, INC. 

A XEROX COMPANY 


DATASHEET NUMBER* 


ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA 


MATERIAL _ 
THICKNESS 


Re 

0,010 


SPECIFICATION - 


DRAWING OR SKETCH NO., 


MATERIAL 

THICKNESS 0 • 250 


WELDED TO 


SPECIFICATION 


DRAWING OR SKETCH NO.. 


MATERIAL . 


FILLER METAL 


TYPE OF WELD JOINT ... P i-OTCe 

REQUESTOR OR CUSTOMER ... Pr. Pyle 

nprp.TOR J. Trey 


PENETRATION-' required 

w.a. no. 4018-001-001 


0.020 


5-27-69 


OPERATOR „ DATE ^ w ^ 

job description Flexibility sample for 4 cm converter 0.75Q J1 0*0. 

(Re emitter to Re heat choke) 


NOTES 

L SHOP TRAVELER, MANUFACTURING ORDER OR GENERAL WORK REQUEST AND DRAWINGS, SKETCHES OR 
WRITTEN INSTRUCTIONS MUST ACCOMPANY ALL JOBS. 

2. RECORD ALL WELDING DATA ON THIS SHEET - RECORD OTHER PERTINENT INFORMATION FOR EACH 
SAMPLE AND EACH RUN ON EOS FORM 6302A. 

3. ASTERISK (*) SHALL DENOTE OPTIMUM WELD SCHEDULE FOR THIS APPLICATION AND SHALL BE 
APPROVED BY Q.A. IF REQUIRED. 


OPTIMUM WELD SCHEDULE 


Q.A. APPROVAL 


SAMPLE NUMBER 


RUN NUMBER 

DISTANCE TO WORK (Inches) 


FILAMENT CURRENT (Amps) 


ACCELERATING VOLTAGE (kV) 


BEAM CURRENT (mA) 


^ AM ACTUAL OCT Inches) 

SPOT * 

DIAMETER VIEWER (Increments) 


BEAM FOCUS (Diol Setting) 

vis 

DX. DEFLECTION 

NO 


AX. DEFLECTION _X 

(Inches, t To £ ) 


CIRCLE GENERATION 


CIRCLE 0.D* 


CIRCLE I.D, 


ACTUAL (KT Inches) 
VIEWER (Increments) 


ACTUAL QQ. Inches) 
VIEWER (Increment) 


LINEAR SPEED Olfo.P.M^ 
SPEED INDICATOR (Dial Selling) 


TIMER (Seconds) 


RISE 

S LOPE CONTROL (%) , 


PULSER SETTINGS 


VACUUM (mm of Hg) 


WIDTH (Mi 1 1 i Soc.) 
FREQUENCY (CPS) 



llxlO . |lxl0-4 























ELECTRO-OPTICAL SYSTEMS, INC 

A XEROX COMPANY 


DATA SHEET NUMBER 


■ * s ‘ 


PAGE 


OE - 


ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA (CONT'D) 









DATA SHEET NUMBER 


ELECTRO-OPTICAL SYSTEMS, IIMC, 

A XEROX COMPANY 


ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA 


MATERIAL . Arc Cast Mo 5tld Nb SPECIFICATION 


THICKNESS P 

DRAY/1NG OR SKETCH NO* 

material A rc Cast Mo and Nb 

THICKNESS P 

DRAWING OR SKETCH NO 

MATERIAL P 


SPECIFICATION . 
FORM 


WELDED TO 


SPECIFICATION . 
FORM 


FILLER METAL 

l rn 


er-x ^ 

L - v 


TYPE OF WELD JOINT 

REQUESTOR OR CUSTOMER 

operator J . Frey 

JOB DESCRIPTION SprI 


PENETRATION ‘REQUIRED. 

W.A. NO 

d*te 6-5-68 


NOTES 

1. SHOP TRAVELER, MANUFACTURING ORDER OR GENERAL WORK REQUEST AND DRAWINGS, SKETCHES OR 
WRITTEN INSTRUCTIONS MUST ACCOMPANY ALL JOBS* 

2* RECORD ALL WELDING DATA ON THIS SHEET - RECORD OTHER PERTlfNENT INFORMATION FOR EACH 
SAMPLE AND EACH RUN ON EOS FORM 6302A. 

3. ASTERISK <*> SHALL DENOTE OPTIMUM WELD SCHEDULE FOR THIS APPLICATION AND SHALL BE 
APPROVED BY Q.A. IF REQUIRED. 


OPTIMUM WELD SCHEDULE 

Q.A. APPROVAL 


SAMPLE NUMBER 


RUN NUMBER 


DISTANCE TO WORK (Inches) 

FILAMENT CURRENT (Amps) 


ACCELERATING VOLTAGE (kV) 

BEAM CURRENT (mA) ~ 


ACTUAL (Hr Inches) 

DIAMETER VIEWER (Increments) 

BEAM FOCUS (Dial Selling) 

YES 

D.C. DEFLECTION 


A.C* DEFLECTION J 
(Inches, £ To £ ) 


CIRCLE GENERATION 

NO 


CIRCLE 0.0. J ^T^ Ll^jlndje!), 

VIEWER (Increments) 


CIRCLE I.D. , ACTUAL (IQ' 3 Inches) 

VIEWER (Increments) 




it 

Li 

1! 

7 

It 

I 7 


1.65 


110 


4 0 


0.015 0-015 


10 

7 

487 

484 




10 

6 

493 

483 • 



LINEAR SPEED OR R.P.M. 


SPEED INDICATOR (Dial Setting) 


TIMER (Seconds) 


SLOPE CONTROL (%) 


PULSER SETTINGS 


VACUUM (mm of Hg) 


RISE 

FALL I 


WIDTH (Mill! Sec.) 
FREQUENCY (CPS) 



































































DATA SHEET NUMBER 


ELECTRO- OPTICAL SYSTEMS, INC, 

A XEROX COMPANY 


MATERIAL _ 
THICKNESS 


TA 

0.015 


ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA 


specification 

™ Tube 


DRAWING OR SKETCH NO*. 


MATERIAL TA 
THICKNESS 0 *015 


WELDED TO 


SPECIFICATION _ 

form Tube 


DRAWING OR SKETCH NO. . 


material , 


FILLER METAL 

FORM. 


TYPE OF WELD JOINT 

REQUESTOR OR CUSTOMER 
OPERATOR. T * Tre 3 


JOB DESCRIPTION . 


Fillet 

Harnmerdinger 


PENETRATION REQUIRED 9 ■ 0 1 0- 

w.A- no. 1006 - 03 -01 

date 6-8~69 


Join tube to spherical converter 


NOTES 

1* SHOP TRAVELER, MANUFACTURING ORDER OR GENERAL WORK REQUEST AND DRAWINGS, SKETCHES OR 
WRITTEN INSTRUCTIONS MUST ACCOMPANY ALL JOBS. 

2. RECORD ALL WELDING DATA ON THIS SHEET - RECORD OTHER PERI 1NENT INFORMATION FOR EACH 
SAMPLE AND EACH RUN ON EOS FORM 6302A. 

3. ASTERISK {*) SHALL DENOTE OP I IMUM WELD SCHEDULE FOR THIS APPLICATION AND SHALL BE 
APPROVED BY Q.A. IF REQUIRED. 


OPTIMUM WELD SCHEDULE 

Q.A. APPROVAL 

SAMPLE NUMBER 

RUN NUMBER 

DISTANCE TO WORK (Inch 

cs) 

FILAMENT CURRENT (Ami 

?s) 

ACCELERATING VOLTAGE (kV) 

BEAM CURRENT (mA) 

BEAM 

cpriT 

ACTUAL (10* 3 Inches) 

orU l 

DIAMETER 

VIEWER (Increments) 

BEAM FOCUS (Diol Sotting) 


YES 

_D.C. L)t rLfcL 1 lUN 

NO 

A.C. DEFLECTION 

X 

(Inches, £ To £ ) 

Y 

riDn p rCMPDATinKi 

YES 


NO 

CIRC! F on 

ACTUAL 00* 3 Inches) 


VIEYfER (Increments) 

ripri f i n 

ACTUAL (lO* 3 Inches) 

L«I KL.LL IftU* 

VIEY/ER (Increments) 

LINEAR SPEED OR(R.P.M. 

\ 

/ 

SPEED INDICATOR (DiSTS 

citing) 

TIMER (Seconds) 


RISE 

SLOPE CONTROL Lo) 

FALL 


WIDTH (Mi Hi Sec.) 

rULSER SETTINGS 

FREQUENCY (CPS) 

VACUUM (mm of Hg) 



























ELECTRO-OPTICAL SYSTEMS, INC, 

t A XEROX COMPANY 


I 


DATA SHEET NUMBER 


308 


PAGE 


OP . 


ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA (C0NT # D) 










ELECTno**aPTICAL BVSTBMS, ll\JC. 

A XEROX COMPANY 

ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA 


data SHEET NUMBER- 
PAGE. 


. OF . 


MATERIAL _ 
THICKNESS 


Nb 


0*020 


P.O. NO., 


SPECIFICATION . 
FORM 


DRAWING OR SKETCH NO. 


YES. 


CERTS 


WELDED TO 


material .. 
THICKNESS 


Nb 


0.020 


P.O. NO. . 


SPECIFICATION 
FORM 


YES. 


DRAWING OR SKETCH NO. 


MATERIAL 


CERTS 


NO . 


FILLER METAL 


P.O. NO. . 


FORM. 


. CERTS 


YES. 
NO _ 


#1 Circular butt #2 "Rotary Pierce 020 #2 ‘ 020 

TYPE OF Y/ELD JOINT - ‘ClrCUlai^lgmg PENETRATION REQUIRED 7 ! L 

REQUESTOR OR CUSTOMER .? * Hora W.A. NO. 40J .8^Q0J.--Q01 

operator J • Frey 


DATE 6.1-8 -69 


job description Cylindrical Conver te r Assembly (U cm) 


NOTES 

1. SHOP TRAVELER, MANUFACTURING ORDER OR GENERAL Y/ORK REQUEST AND DRAWINGS, SKETCHES OR 
WRITTEN INSTRUCTIONS MUST ACCOMPANY ALL JOBS. 

2. RECORD ALL WELDING DATA ON THIS SHEET - RECORD OTHER PERTINENT INFORMATION FOR EACH 
SAMPLE AND EACH RUN ON EOS FORM 6302A. 

3. ASTERISK (*) SHALL DENOTE OPTIMUM Y/ELD SCHEDULEJ-'OR THIS APPLICATION AND SHALL BE 

APPROVED BY Q.A. IF REQUIRED. Ylange to tTangeto 


OPTIMUM Y/ELD SCHEDULE 

* * 


* 

* 




Q.A. APPROVAL 








SAMPLE NUMBER 

1 

i 

1 

1 




RUN NUMBER 

1 

2 

3 

2 rerur 




DISTANCE TO WORK (Inches) 

7" 

7” 

7" 

7" 




FILAMENT CURRENT (Amps) 

1.75 

1.75 

1.75 

1.75 




ACCELERATING VOLTAGE (kV) 

120 

150 

150 

150 




BEAM CURRENT (mA) 

3.D 

7.5 

3.7 

3.7 




ACTUAL (10* 3 Inches) 

0.008 

rain . 

min . 

min . 




DIAMETER VIEWER (Increments) 

5 







BEAM FOCUS (Diol Setting) 

511 

558 

553 

553 




YES 

n r ncci rrrrtriM 

X 


X 

X 




U.L.. UtrLLL 1 lUM 

NO 








A.C. DEFLECTION X 







- 

(Inches, t To£ ) Y 








YES 

ripn r rFMFPATim 








LimLLC V3L.lTLr\H i ■■ 

NO 








CIRCLE 0D ACTUAL (10* 3 Inches) 







* 

VIEY/ER (Increments) 








CI p CLE , n ...ACTUAL no* 3 Inches) 








* ^ s VIEWER (Increments) 








LINEAR SPEED 0R(R.P.M.) 

_10 

R5 

17 

23 




SPEED INDICATOR fOt^T Setting) ‘ 

_60 

130 • 

95 

120 




TIMER (Seconds) 


23 

3.7 

2.6 




RISE 

r- t rvnr- /'AM-rnAl frtf\ 








SLUrb CON 1 KOL v/o) 

FALL 

60% 

60% 

60% 

60% 




WIDTH (Milll See.) 








PULSER SETTINGS FREQUENCY (CPS) 







. 

VACUUM (mm of Hg) 

5x10~5 

8xl(^-5 

6xl0~ 5 

7xl0" 5 

' 




CAc ha 





73 
































































CONVERTER NO. 


DATE 


TIME 


PRESSURE 



1 3 \ 




A l o 

A X 3 

<5 = l 

U37 

U 7 3 

mm 

A 1 5 

£ 3 % 

<.3o 

ieh 

Vo^ a 

\X1 

i>2 

\VH 

X\<\ 

\ 07 

\ o 7 

1 3 5 

ni.a 

St )7 



e |o. 


| 7 fc 3> | 1 3 | ^50 j \\VO |\3.7 3 I \32 a 


4 3 f 


5 (=7 . ^ 

icS J. i 

U V-U .7 


OUTPUT 


VOLTS 


AMPS 


WATTS 


V. \ S 

V O 0 ) 

,Ofl| 

O.c. 

S VvooTf 

^ W.CO.T 




74 


























































































75 , 
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.S C 


k/ tl 






^Ov*^Vyy\X- / | ^/l/A-<„4v^i/Vvv^ 


f) . I & 


vd^ is o 

l “f " •' 0 


o Q 

Crvd~ c>^(j^tcx>vv-\ cvX-A* 


°c 

o<^u 

-v- . a. -i o 


^4’ r ~ C^+J t.vW< ^Wa. JLa^%<X1>^A. 

NT «* X %r Mrtn, <J-'t-x/- /Vnou^~ 


Lr^v 


^VV\!vX^X\, 


O^'^t-'vCC -Ao-fiL JU^teUvA 

^Zv/ s ^2Xaa*^^aaA s HA. :*u— U,- 1 

V 1 S ^ V ^ X^A Ll.’^AA ^ — 4y^-^*V ^v*A , L'VV^XX^V 

-PtXcXJ) 3^-d: JU^jU 


M— V XX 


cd-'Oc/-* 




. M Ko^ %U CuXjt -X-ZfU^ Ca^w^X 
0“\^X 7 cX~ JXK^V>^ 


itu j^X~ 




-c-v, Kr ~ c 




*» / 


n 


* 

\\ 3 0 


Aaj-tO--j_ 


"i 'i (itj ,l-j^<AjtAvt^, 


-+, \3°7 t jlXI 

A^'-U A^'O^dX^XJ* ^ ^ <XjUu^? Cx^Xi xJ-<A 

d 4 -" ^X^VK ^IT >^rdi-' 

^-c^V ^CTX 


4 An 
6JU 


^Z^X\aT<A 


\\«4 ^ 
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CONVERTER MO •$ C 1X(X' 


DATE 


TIME 


PRESSURE 


10" 6 TORR 


SHEET 


Vo 

v 17 " 

1 V n 

1 C /n 



Vb 

3 1 S 

3 

*b 

HEBEI RES 

v f 

\a 

\ a 

x f 

V Vo 

\u 



s ^ :> 


. t» ll 


\a 




3 


.tao 


a 






. t.30 


\ a 





°C WOO \M O 0 \^00 \^QC> \^0 \ j \^\Q0 



OUTPUT 


VOLTS 


AMPS 



BS 

L L 

BBH 

4o. $ o 

H-3. 44 

1 

WATTS 

\T.aa 

U .C 

) <o 

\ ta . t> V? 

.<*0 

\u.i0 


1 \*K«13 



78 













































































































CONVERTER NO. 


s c 


SHEET 




DATE 


TBffi 


PRESSURE 



°C 121 I3<c.^ "7 3.0 


i n 



c pii m 


COL. V 


°C ~?3(, j 73-7 

°c[ ~7 /biT] 7H..0 1 I 3 
°c| 3 o \ 3 0 7 


3iO.^ 3 


7CV lot I “7 0 V 


TO 3 I "lot. 7 I 101 





resio 


C 3 


RES. 
HTR.I I 




lito 727 72t. > 


114 H3 lH.<f 


2_°| 0 


3 0 2. 3L<n 



\4«o | I * *2. I \M \ 7 j H to | \(i> | >~\ VO 


, r 

lS-t.7 


1 -7 7 

73fc.I 

1?0 

772.3 


VOLTS 

. -+ 

AMPS 


WATTS 

17. Vt> 



\HAtl 


* s A 



79 





























































































80 




























































CONVERTER NO. 


DATE 


TIME 


PRESSURE 


sc 




SHEE1 

' % OF. 

2-7 

V 

1 V 

^iV 

** f IV 

U/ lV 



Vb 

3*^ 

lb 


Vf 

VU7 


\ 3 



,(oav 

. W3-* 

w.^ 

UA 

v* .°l 

\-> .<1 


3 fcO 


. ^ns 


w.v 


\7 


W.V 





°c. -J4S.> 


COL. v 


ns v.> 

77 1 

7*f < 

1 0 \ 


7 

^7 2. 

ns o 

iolV 



°c 

7 1* V 

1 LL . j 

7LV> .* 

173.3 

11 1 ' 

771.3 

7^<4 



OUTPUT 


VOLTS 


AMPS 


WATTS 


„ 3 


.5 2, 


57. 

a. X 

n.3v 

\ .US 



81 













































































































CONVERTER NO 


DATE 


TIME 


PRESSURE 


S l ■XO 




10“ 6 TORR 



PHOTO # 



82 





















































































DATE 


TIME 


PRESSURE 


10" 6 TORR 


CONVERTER NO. 


t 


s c 


"k 


Vfl / 

v (v 

HOi 

vo 





’cj T3\A| “l 3 1 


lat 


12 i.U t 4 <<f 


11) 120 


m 


COL. I V 
HTR. 




c| lao^l 'i 


c n 


res °c 


RES. 
HTR. I 


1 1«# 


c| an* I 3-<HV 


*3 i\v 


i in-. t i\\ 


a vo I 3 \ v. 


3 10 


3 to 


.D 

33 0 

a 

EBHEE 




c \30^ \3tO 



c|i^3.s n^a.3 hns.^ n i*t lion .3 


OUTPUT 


VOLTS 


AMPS 


WATTS 




*3.£ 


Uv.> 


V32G 1 V3a\ \3 ir 


L .2o 

V -0 0 

3.0 3l 

3 . XO 



83 





























































































CONVERTER NO . JkS. 3l£^L. ' SHEET OF-JsLL 


DATE 

V U,l\. A * U 

~9TT 

^ 1 ( s’ 

"VlV j 

OSUiJCiJL 
^ „ 

f IV 

V'w 

■«i mxaiAfiwi ■ • 
U /„ 

TIME 


\<14o 

\^«f T 




.1^30 

PRESSURE 


_ 



- ’ 

T'" 

.. 


10" 6 TORR 
















Vb 



2 a °i 




1 V 2. 

lb 



.35 \ 





Vf 







\\,V 

X f 







\3 









T 

r 

°C 








°'C 








T 

c 

°C 

i, <4 1 

la 4 \ 

i,4 C 

t«M7 

m ij 

| 

L3o 

°c 




V 



gem 

COL. 

HTR. 

V 

I 







Oi4 ^'JtC 







\V3 1 

T s 

°c 







1,1 u 

°c 

- 






L 1 

T 

res 

°c 





2. \ 

IV \ 

EBB 

■”c 


2. t> °i 

2_fcl 

3 00 

1 

ESQ 

3 0 3 

RES. 

HTR. 

V 





1 



I 








. 








T 

e 

°c 

\3 3l* 

\32_V 

\3 2% 

\3 2H 


\3 2*t 

BBS 

°"k 








T. 

Is 

°c 







103,-5 








- 

OUTPUT 







• 

VOLTS 

V ^ 

A 

~~“4 

~7“ 

. H 

v *4 

. ^ 

AMPS 

* - c iy 


°UH. 

l.lL, 

KmB 

°l .XH 

KB 

WATTS 

3 - 5 


3 . la L, 

3. vo 

3. *17 

uJ 

» 

-j 

° 

.51 









PHOTO # 







- 
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Vi 21 


1o 3A I "7 0 2. h 02.1 


OUTPUT | 

VOLTS , io 1 A. 

AMPS ~ f 1 \.Ol I 


3 .10 I J-t 



V2-1 


• T'j I .It. AO 
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CONVERTER NO. 


DATE 


TIME • 


PRESSURE 


10" 6 TORR 


U// 1 * k/ 1 * V t y 

■»!<■#> .rw*f it* > irj P* 

\7 a $ 


SHEET- OF.JLIL 


V,v Vi 



°cj C *77 U73 


U7.S 


2-^3 3-7:2 


2.9 \ 09 \ 


no ^ 

1 \ \ 

7© \ 

UH > 


uno.^ 

■3c 3 

BH 

3-77 

3 \ -C 

2L37 

av-s 



OUTPUT 


VOLTS 


AMPS 


WATTS 


\ .vw 


-H3 


l . Q 




2. 


* vh*; | .3 




33. OH 2-7.70 7 -7 > 


\to.92j\7A<> 7.<o< 


U -0 0 
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.5 a :u .°l3o «°iaa 


\x 


Vb 


4p\ .<>[ ^ y \ u v y | b n I I bib.v. 


h °> 7 bn4 n > 1 bHO 

1S% 531 b ^ b vft HTmTh 



vno 

b <10 

b~)5 

bl ^ 

a®! 3k 

3-°ll ! 

3 l lo 

3 3l 1 


(,vsn 


U13 


3 


3 


I \*\\ a. I n n 


n~4 * f 1^4 I *1^4 Il4^ 



s^<v^ 1 3o.^ ho n hi.ot 


\S n hooO \5.93 \3,w 
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CONVERTER M ) . 
DATE to / ^ | 

— ■Tr-m-r — i ii i ■ ! ■■■ nr — - ■* — i i mi ^ifri 


TIME 


PRESSURE 


ERTER ram. - A-^— 

■•/,, rvu i v„ i v, 


10' 6 TORR 



OUTPUT 


VOLTS 


AMPS 


WATTS 


PHOTO # 
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CONVERTERJWO . .Jt ir- 

date TvTv 1 Vi 


time I \$3C I 1^3 «* I5*tf luoc 


SHEET 


UO? \V»Q^ V53lq 


PRESSURE { 

10" 6 TORR s Cj | 




<- I * 

Uo 


t.^0 


*3 U o 




COL. IV 
HTR. |7 


°c \«H* I W3 i W3* I H*H I H4I 



OUTPUT 


VOLTS 

•s ! 

. s 

% ^ 

AMPS 

3 1 

OO.-J 2 

;tv* 

WATTS 

HBi 

\$ ,3U 

\ 3- \3 
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Sc- SlCU 


Vi VwU 


Jv*r^\XAA/VV>V\ . 


H> Q *4 

nj t h dxJ^ c. 


A 


Xr>r^ — ' 



? T \0 £V> jCf^w^vrv^- Cjt^-vv^c.JL 

» 

^/lS HIV 


.VL^JS, ~Mn^ ;fcu. 'ft/ 

tarsX*\ Ljt/bCWv'v'-C. -A.-X 


V. 


AO 


^“**N /£^XnA5^Cc^ LlT>A CAJ<VXTWVvi^ 


J^ 

- <—— A. C^ir\j^iJ^**-t. A^irv^ ty^A^/\_XA /y'v'-s.-vj* JU^JL* . 

I2^Nwl/v-k. "J*" 

x^vIXAt^ ^ * 


JU -t^.^ ^rcv>rs Jv»-fcXr\iwuv^ 

r ^*^ r I - C , w\ — /nrsju-^ ^/./-^vJ^ 






^U-S tW~ 


JLOJc. 






X Vt 

acL. C”V I/vn. 

"^T A^A-'A, /Z^AjtXjLt y\JJ/v^TO^j ^ OT^Axa. 

J^-<J tr 1( X^ c^-^ f ^' N 4A fc »o — J<rv ^£v" <*-''^Tx-0\a*-^ J^V 

e '— v tr4r^o>^-V. 

fiV'X Liv>. ^ 

^ /TSJOW^ t/v^. ^^Af>r>y< *V 

J^NWvi| * 

°fw 

J^r-tjN^-A^ sL//\j^4-*b\ j£o- ---0<JnrLcfc^^ • 
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CONVERTER NO 


S C XX' 


SHEET 




„. OF- 


JkZ 


] DATE 

□ 

I 

| 

vw 1 

%•; |%s- 



[time 


MHO 

Wo <i e 

2-3 

i vft s r 

M 3 ?" 

M 1 V 

PRESSURE 

C... 1 




- 



10" 6 TORR 

















V b 









*b 







Z55T ' 


V f 






Qftc 


J-f 


















T 

°C 


^ n 

O'l* 

L V, c | 

L>H 



r 

°c 








T 

°c 

Hi <• 

bl 

1H1.H 

13 9 

U laO 



c 

°c 

H 1 1 

Llt.s 

1 > H 

1H3 

L Vs 0 ! 



COL. 

V 


* 






HTR . 

I 








T 

°c 

±y± 

l 10 

13^ 

15-H 

IM J.3 



L s 

°c 


bU j 

1 1 o 

11_H 




T 

°c 

Ml J 

113 

3 > 1 

3 3W 

3 2-1 



res 

5' 

lu 

2_ V u 

32^ 

3 2-1 

3 33 



RES. 

V 








HTR . 

I 








1 









T 

°c 

V \ o j 

U3a_ 

H L *1 

W 2 V 

W \o 



e 

°K 









‘c 

3 lo | 

in 3 

1V3 

110.3 

u 3 3 












j OUTPUT 

i 







| VOLTS 

\ .HS 

. x\ 






j AMPS 

S, 

3H • ^2 

HU.2V 

30.4* 

Hi. 


/■ 1f ‘ ' " 

| WATTS 


ZJ-1 


2.0. \°J 




L 








| PHOTO 

JL 

7T 









b 


92 



SC- 'LCU 


t, 


i KX * '"Vjoy^A t "X > 

C . Cn.v-\ 3cjC^_ vAXk 


LVM. . 
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5 c *2.4^ 


CS A-^'~*-*><-'A C f . "TV 

^ <? ~) c C jj^AAA 'Ar'V- 

*13 i\ @ ,r>o 'i 


^ CwmA' 


XX XI 




96 




97 










































































CONVERTER NO. 








ERTER NO . _JLSL 




SHEET- J=L*L OF-JLL 
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5 c sti> 


Ui' 


OJK 1 ^4 0 Q C /vr^te^ji iui.'-M. 

W (\nt^Ai_A ^^wi- — • \ ? ^*r' 3. ■a tww^v, A M * • \ 

Cu. T a A^- .^ZA-'^-VW^v's OAtX tAx. — 

ep>AAyj_w , Ca^-^^Xaa^vvwv. ujv>. <!AO^w_,v-3k_^r "Air Jj%^T 

AAa, L — f ^f^*^yvvv((^\ 

aSxA-AAj'vC^' » Cju/s-^v^wwk* — , ^ k 


. IT* >» Q a ^ J\ 

.2 'J ( 5 . K 


1, =■ \3 n 0 


\J X C^-rvA, lfcu~ <5L^ 
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DATE 


TIME 


PRESSURE 




CONVERTER NO “jjL ^ 


7 A 


Ha3 I W3| 



COL. I VI O 
HTR. 





X ^13 3 I ^ °i4 


1 . 2 ^ 




°C U^o 


UlO 


°c T> \\ 



Ufc 2 


1,11 I 


2 -*! Sf 


*7 4*1 


i > 


33<i 


res >o 


ISO 

BBS 

7 4W,< 

13S 

T34 

BBS 

I 

3 2L7 

32^7 

3 2. 


32-1 

320 


OUTPUT 


VOLTS 


AMPS 


WATTS 


mo y 'He 0 ! \Hoc 


- 7 W 3 1 vt -?U 4 


,3 K 2 . 0 L, * 2 . 2 ^ v n<) l.aTo 


3H.I hs.i ia/ 5 ko.« 


Ve .23 \o .0 3 , \ 3 ,lo U | \^.n 
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\ c \ 00 j I to 


His* \HfcO I Vo QO 



°C hi.ihs 4 ) Mr 


3 


1M 
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sc xb 


(juU 


nio 


oicc 


' l V 

o^-J c^KX \rvCX 

n$s^^ Jyfcllv/'- j Own^ 


\S 0 \ 


\TOO 




Vu 


o c rc o 


1300 


Av^> r ‘ ^\y\, ^X>- /\JLX^/vvfcij% L^- A 

/^^>«>^wJu-v^ C<rA)^Ccfcx /nrvvviA. C>^XuAvv 

/\A/«^ 
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CONVERTER NO.-JLiL 2 k 


S1IEET- . 


DATE I 
TIME 


PRESSURE 


10" 6 TORR 


7 /n- 1 7 /u Vu 

W30 lTiTc llo 2 3 


*Vn I 7 / 



2 . 


5 \o 



ss.% 


WEHW 

W. 3 

W3 

W. 3 

V* .1 

W -1 

VV, ,1 


Me 1,0 I o 


0 




c| in hii. 



*rvi 

1^3. 

V oo 


COL. | V 
HTR. 



c| VS' 0 V | ) 4-^0 | VSo 2J \S oo l?Q 0 VS v? 


V 2A fc 23 



OUTPUT 


VOLTS 


AMPS 


WATTS 


, XlO 


~?L-3 

~1 V 


\°\ % Vc I SM.3 I3.QAQ 



PHOTO # 



3l^ 

2 2. 

a3 
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CONVERTER NO D- D SHEET -L21.0F. 0-1. 


DATE 

v„ ! 

7/a. 

■yii 

7 4, 

v; 

7 A< 


TIME 



vno4 

VI 2.0 

V'llo 



PRESSURE 






T, 

75777“ 

10' 6 TORR 





x\ 


"N 









v b 


1«|-0 

1Q> 





lb 

. 4 0 

oo 

.4 V*o 





V f 


\V3 

W.3 





If 


\Vo . 'S 

\V. 













T 

r 

°C 








°c 








T 

c 

°c 

“IVaM 


1 T 

1 1 

-=Hr- 

1 V 

n v 

°c 


1 t.4 

1 2_U.^ 

V.'n.T 


n 2 . 

“nx 

COL. 

HTR. 

V 








I 


\3 .3 






T s 

°c 

1 vu 

3 V 1 

IT \ 

134 


lvi,u 

3V1 <* 

°c 

nv 

m 3 

34 z 

1 2T 


*VT7 

m 

T 

res 

°c 




1 o T 


3 3 *7 

33 t 

°c 


"3 \o 

•bol 

3-4<\ 


ni.^ 

3 2.4 

RES. 

HTR. 

V 








I 
















T 

e 

°c 

V S ^ 0 

t*vv; 

\4U 

\4 »T 


\j <10 

v To Z 

°K 









°c 

V \ o, 

& CiV. 

~n z 

T51.T 


V 0 *7 

Y$ V 









OUTPUT 







• 

VOLTS 

- 4 

.4 

.4 

. 4 V> 


.4 

»4 

AMPS 

S 2. 

4 H 

3VT 




# 

S4 

WATTS 

ao.v 

V«uW 

V'T .Su 

WV< 


a\.u 










PHOTO # 



k/l < .b 



XV 

21 
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Photo No. SC2a-l T = 1401°C 

L 


T cs = 295 ° c 

X axis = O.lV/div. 
Y axis = lOA/div. 



Photo No. SC2a-2 T £ = 1441°C X axis = O.lV/div. 

= 698°c y axis = lOA/div. 

T cs = 294 ° c 
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Photo No. SC2b-3 


COLL 


CS 


= 1300°C 
= 663°C 
= 313°C 


X axis = O.lV/div. 


Y axis = lOA/div. 



Photo No. SC2b-4 T^, = 1300°C X axis = O.lV/div. 

Tcqll = 642 °C Y axis = lOA/div. 

T cs = 313°C 
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Photo No. SC2b-5 T = 1300°C 

E 


T cs = 306°C 

X axis = O.lV/div. 
Y axis = lOA/div. 



Photo No. SC2b-6 Tg = 1300°C X axis = O.lV/div. 

T COLL = 657 °C Y axis = lOA/div. 

T cs = 292 ° c 
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i 


Photo No. SC2b-7A 


t coll = 725 c 

T cs = 321 ° c 


X axis = 0. IV/ div. 


Y axis = lOA/div. 



Photo No. SC?b-7B Tg = 1400°C X axis = O.lV/div. 

T C0LL = 725 ° C Y axis = 20A / div - 

T cs = 321°C 
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Photo No. SC2b-8 


COLL 


CS 


= 1400°C 
= 726°C 

= 320°C 


X axis = O.lV/div. 
Y axis = 20A/div. 



T = 722°C Y axis = 20A/div. 


T cs = 309°C 
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Photo No. SC-2B-10 


COLL 


CS 


= 1400°C 
= 717°C 

= 297°C 


X axis = O.lV/div. 


Y axis = lOA/div. 



Photo No. SC-2b-ll T_ = 1460°C X axis = O.lV/div. 

£ 

T = 763°C X axis = lOA/div. 

COLL ' 


111 


322°C 





Photo No. SC-2b-12 


COLL 


CS 


= 1460°C 
= 763°C 
= 322°C 


X axis = O.lV/div. 


Y axis = 20A/div. 



Photo No. SC-2b-13 Tg = 1480°C X axis = O.lV/div. 

T CCLL = 756 ° C Y axis = 2 °A/div. 

T CS = 322 ° c 
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Photo No. SC-2-14 


COLL 


CS 


= 148 0°C 
= 753°C 

= 322°C 


X axis = O.lV/div. 
Y axis = 20A/div. 



Photo No. SC-2-16 T £ = 1345 °C X axis = O.lV/div. 

Tcoll = 703 °C Y axis = 20A/div. 

T = 295°c 
CS 
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Photo No. SC-2b-17 T = 1480°C 

E 


T cs = 324 ° c 

X axis = O.lV/div. 
Y axis = 20A/div. 



Photo No. SC-2b-18 Tg = 1450°C X axis = O.lV/div 

^COLL = 752°C Y axis = 20A/div. 

T cs = 330 ° c 
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Photo No. SC-2b-19 


COLL 


CS 


= 1510°C 
= 735°C 

= 302°C 


X axis = O.lv/div. 
Y axis = lOA/div. 



Photo No. SC-2b-20 T e = 1490°C X axis = O.lV/div. 

^COLL — "779 C Y axis = 20A/div. 

T cs = 317°C 


115 





Photo No. SC-2b-21 T„ = 1502 °C 

£< 


T cs - 316°C 

X axis = O.lV/div. 
Y axis = 20A/div. 



Photo No. SC-2b-22 T„ = 1500°C X axis = O.lV/div. 

hi 

t coll = 795 ° c Y axis = 20A / div - 

T cs = 329°C 
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Photo No. SC-2b-23 


COLL 


CS 

X axis 


= 1500°C 
= 793°C 

= 328. 5°C 

= O.lV/div. 


Y axis = 20A/div. 



Photo No. SC-2b-24 


COLL 


CS 


= 1515°C 
= 794°C 

= 324. 5°C 


X axis = O.lV/div. 
Y axis - 20A/div. 
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Photo No. SC-2b-25 


COLL 


CS 


= 1495°C 
= 764°C 

= 310°C 


X axis = O.lV/div. 


Y axis = 20A/div. 






Photo No. SC-2-26B T_ = 1416°C 

E 


T cs = 307°C 

X axis = O.lV/div. 
Y axis = 20A/ div. 



Photo No. SC-2-27 Tg = 1502°C X axis = O.lV/div. 

T COLL = 772 ° C Y axis = 2 °A/div. 

T CS = 324 ° c 
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Photo No. SC-2-28 


COLL 


CS 

X axis 


= 1500°C 
= 772°C 

= 329. 5°C 

= O.lV/div. 


Y axis = 20A/div. 
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APPENDIX 4 

CONVERTERS SC-3a AND SC-3b 


4018-Final 
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EB.SCTI2©-©F S TB©AL SYSTEMS 


1440° to 1450° C 
14.815 to 14.935 mV 

3 Heatshields Top 

1 Coil Below Can 


BRAZING/FIRING SCHEDULE 

DATE: IDjz13~J?S - 

2 

PART np^rpipTION' ' ^ Convert Flange (Flat') 

BRAZE TYPE: Seal 

WA NO. — 40 18 -00 . 1 -00 1 

OPERATOR: 





EOS FORM NO. 806 (7/67) 

































































































ELECTBBO-OPTiCAL SYSTEMS 


BRAZING/FIRING SCHEDULE 

Coil Height 1 coil Below Can For Final Setting With 10 Pcs Heat Shield on Top 


Station #4 

Replacement for SC-3 

1425°C to 1440°C 

14.63 mV Min. 


DATE: 

PART DESCRIPTION:. 

BRAZE TYPE: 

\!A NO 

OPERATOR:- 


PRESSURE 

(mmHg) 

DIAL 

No. 

6.5xl0" 7 

8 


REMARKS 




1645 


EOS FORM NO. 806 {7/67) 



















































































ELECTCSO-OPTfiCAL. SYSTEM© 


1425 C Min = 14.63 mV 

3 Heat Shields Top 


BRAZING/FIRING SCHEDULE 

DATE: i 10-3-69 

2 

PART DESCRIPTION: F.1 a ngp. .. 4 CD 

BRAZE TYPE: 

WA HO. 4018-001-001 

OPERATOR: £on 







































































































EILEC:l , t?5©-QC- i TSeAS- SYSTEMS 


1425 C = 14.63 mV 


BRAZING/FIRING SCHEDULE 

9-7-69 


SC-3 


DATE: 


PART DESCRIPTION: Flangp. 4 Mb - Oe.ra.iTll C 

Seal 


BRAZE TYPE 
WA NO 


4018-001-001 



































































EILECYraO-OPTBCAL SYSTEMS 


@ 1425°C . = 14.63 mV 


BRAZING/FIRING SCHEDULE 

SC-3 

DATE: 8-29-69 

2 

PART npsrRiPTinM. Flange- 4 Nb and Ceramic 


BRAZE TYPE: S£ai 


WA NO. 


4018-001-001 


Station #4 OPERATOR: Qon 



TIME 

TEMP.°C 
No. 1 

mV 1 

TEMP.°C 
No. 2 

mV 2 

TEMP.°C 
No. 3 

mV 3 

PRESSURE 

(mmHg) 

DIAL 

No. 

REMARKS 


1400 

Room 

p| 





83 

8 

RF ON 


1403 




— 



1.4xl0 -6 

n 



1406 


HS8 1 ? 


1.58 



1.6xl0" 6 

n 



1409 


WM 


2.50 



HffiSH 

9.80 

- 


1414% 


m 





H95H 

10.0 










1.8x10 6 

10.5 



1 





- 


H59H 

10.8 

. 


1423 




6.10 


■ 

SBBHM 

11.1 



1425 




7.40 


S 

2xl0" 6 

11.5 



1429 


8.34 


8.14 



HK|H 

11.8 



1432 

976 

9.30 

953 

9.03 


■ 


12.1 



1435 







2xl0" 6 

12.5 



1438% 


m 


10.5 



SSBIH 

EH 



■Bill 


11.4 


11.24 



| 

EH 



ES9 


12.38 


12.18 



mmm 

14.0 



ES3 


m 


* 


m 


14.5 



BHS8 




13.7 



7.4xl0“ 6 

15.0 


. 

Braze X 

1446% 


14.50 


■BE 


1 


14.25 



1447% 


(HB! 


BBE 


S 

HBBHB 

14.2 



1448% 


m 


14.50 



1 

14.2 



1449% 


14.64 


14.56 




14.2 



1450% 

1429 

14.68 

1427 

mm 


m 

6.4xl0' 6 

14.2 


X 

1451% 


14.68 






12 ' 

- 


1452% 




, 


s 


11.5 



1502 

- 


' 






I RF OFF 


• 


- 


* 






. 














. 











- 







• 


:OS FORM NO. 806 (7/67) 


T2TT 





































































SSLECT^O-OPVSSSAIL SVSTES3S 


1440 - 1450 C 
14.815 - 


BRAZi MG/FIRING SCHEDULE 


DATE: 


10 - 20-69 





















































































Et,E©TRC&-OPTECAL ©VSTEPJa® 


BRAZING/FIRING SCHEDULE 


5 heat shields 

coil height 1 turn 

below to can (7-3/4") 

Replacement for SC-3 

flat flange - (no convolute) 

1425°C - 1440°C 


Bottom 


DATE: October 10, 1969 

2 

PART DESCRIPTION: Flange 4 Converter 

BRAZE TYPE: Seal 

WA NO. 4018-001-001 


OPERATOR:. 
To 



~>RM NO. 806 (7/67) 























































































EE.EGTKO-OPTI©AL ©VQTSK3S 


BRAZING/FIRING SCHEDULE 


14.815 mV = 1440 C 
1 coil below Ta can 
3 heat shields on top 


^■Cr- 


^ fU}ri (rL 


\- /x Ti/£td 


DATE: 

PART DESCRIPTION: 

BRAZE TYPE: 

WA NO 

OPERATOR: 


10-14-69 

J±~ Convert. Flangp 

Heat distrib, betw, FLANGE AND FIXTURE 
4018 



EOS FORM NO. 806 (7/67) 


JL_ 1 L 
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Page 1 of 3 


EE-ECTKO-OiPT!CAL SVSTSE33 


Max Temps 
1580°C Emitter 
77 5° C Seals 
300°C Tee Temp 


BRAZING/FIRING SCHEDULE 


DATE: . 


10-27-69 


PART DESCRIPTION: Einal oiitgas SC=1 

BRAZE TYPE: : 

WA NO. 4Q1&T.Q.0.1.-QQ1 
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SLQCmO-OPTSCAL ©YSVEE3S 


Max Temps 
1580°C emitter 
775°C seals 32.27 mV 
300°C tee 12.21 


BRAZING/FIRING SCHEDULE 

DATE: 10-27-69 

PART DESCRIPTION:- F inal outgas Sfi-3 


BRAZE TYPE: 
WA NO 


40 18 -001-001 


Seals Tee OPERATOR: - CffU Pyle 


0BS TEMP 
EMITT 

TIME 

TEMP.°C 

No. 1 

mV 1 

TEMP.°C 
No. 4 

mV 2 

TEMP.°C 
No. 3 

mV 3 

PRESSURE 

(mmHg) 

DIAL 

No. 

REMARKS 

Used short 

fil fo 

: gun 






EXT ^ 

TNT 




1550 







1x10-6^'-''' 
-'“-'■'^20 \ia 


Filt bomb ON .. _j 

1400° C 

1605 

717°C 

29.85 

45°C 

1.8 

638 

26. 5C 




1530°C 

1613 


32.22 


2.5 


29. 14 



— ^ — / 5 I 13 



1520°G .. 

1630 


32.04 


3.43 


29. Of 

U8 xlO^--'''' 


Tee header on 

1530° C 

1655 

77 6°C 

32.3 

222°0 

9.00 

706°C 

29. 4C 

-''""'3L T"|ja 



florin no- dot 

n 











1612 

Power c 

ff 








10-28-69 












0830 







IxT0~^- 

pa 


Flit bomb ON 

1538 

0900 


32.76 


12.24 


29.76 

1x10-6- — — ^ 

" 1.0 llfl 



1530 

0917 


33.14 


12.20 


29.68 

— — HA* 

1.2xl0~ 6 



1525 



32.00 


12.22 


29.00 



* 

1525 

0940 


32.56 


12.21 


29.50 

1.2x10^-'-''''' 
— 600 pa 



’ 1510 

0950 


32.31 


12.28 

1 

29.38 

1 .3xl0^&^^ 






BHI 




SB 




• 1528 

ns 


32.52 

• 

12.30 


29.40 

1 .8xl0j3 

— - — ""§00 pa 



1 510 

mm 


32.36 





1.2x10^2 — 
-^800^ 




IRH 


gftj 


m 


HSS 

— 700 tia 




EfSB 




RXi 


29.1? 

PfSSfSTSrff 

' 


1 

1138 


31.84 


11.84 


28.84 

^ 

600 na 




ns 




11.74 


28.36 

MO&HSS 

■ESSaniilillP 






m 







Fil end CS on 


1155 

Bomb 01 

S 







Bomb off 


1325 


19.30 


11.04 


17.78 

m 

| 

Bomb on 

► 1520° C 

1345 


32.48 

288°C 

11.70 

708 

29 .48 

SSSSBBSSSI 

| 


II 


| 







[■d 

- 

!■■■ 

1415 


32.50 


12. 0C 


29. 4f 

1*8x10^4 — ^ 

L-r— ^ 1 fiOjifl 









■H 






EOS FORM NO. 006 (7/67) 
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ELECTfSO-Ot^TBC&B. SVSTE?.3S 


BRAZING/FIRING SCHEDULE 


1580 C emitter 
77 5° C seals 
300°C tees 


DATE: . 


10-28-69 


PART DESCRIPTION: — Final -Qutgas SC-3 

BRAZE TYPE: 

WA NO 


4018-001-001 
















































ES-ECraQi-OPTECj&E. ©VSTEESS 


1000 G for 5 min. 


BRAZING/FIRING SCHEDULE 

Oct. 1, 1969 


DATE: 



PART DESCRIPTION: — C ° nVt: flan S es 

BRAZE TYPE: Wb -Anneal 

WA NO 


4018 - 001.-001 


4 flanges 


OPERATOR: 


Mitchner 







































ELECTRO-OPTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 

i tfVrfT nATF. 10/10/69 


DATE: ^ u/0 * 

til* PART DESCRIPTION: Nb Converter Flanges_( convoluted 


PWV lu£*aL7 


K i | 


BRAZE TYPE: 

WA NO 

OPERATOR:- 


Anneal 0 1000 C for 5 min. 


4018-001-001 
_Mitchner 


(18.1 my) 



1525 


Out of braza .1526 


7.7 


11.4 


15.1 


18.1 


18 £4 


19.0 


PRESSURE 

(mmHg) 

DIAL 

No. 

6x.10~6 

2 I 

2xl0~ 5 

KSI 

1.5xl0" 5 

ii 

6.8xl0" 6 

12 

7.4xl0" 6 

13 

6xl0‘ 6 

12 

4.3xl0" 6 

Hfl 

4xl0 -6 


2.5xl0” 6 

8 


REMARKS 




S FORM NO. 806 (7/67) 





































fbuCTRO^OFTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 


DATE: 


8-6-69 


PART DESCRIPTION: _Re_Di£C 5 4 gcg,. 


BRAZE TYPE:. 


1700 C 15 -min Anneal 





















































ELECTRO-OPTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 



WA NO.- 


4018 - 001-001 


OPERATOR: 


Gon 



OS FORM NO. 806 (7/67) 


136 

























































Vlectro-orical systems 


BRAZING/FIRING SCHEDULE 


4 turns of heater 


DATE:. 


Sept, 8, 1969 


PART npcrpjpTfnN- Reservoirs 2 pcs with Heater 


BRAZE TYPE: - 


WA NO.- 


4018-001-001 


OPERATOR:. 



OS FORM NO, S06 {7/67J 















































ELECTRO-OPTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 


Seal ^ 

/fo) 6 C'- 



DATE: 9 “ 9 "69 

PART DESCRIPTION: G un , Ho lder 

BRAZE TYPE: ^00 G 

WA NO 4018- 001-001 

OPERATOR: God 



OS FORM NO. 806 (7/67) 































































































Ielectro-optical systems 


1850 C OBS Surface 
for 1 hr. 


BRAZING/FIRING SCHEDULE 

9/15/69 


DATE:. 


tiBsH 


PART DESCRIPTION: 

BRAZE TYPE:— 

WA NO 


SC -3 Emitter 


4018-001-001 


OPERATOR:. 


P. V. T)un 


































SC-3 


DATA SHEET NUMBER 


ELECTRO-OPTICAL SYSTEMS, li\IC, 

A XEROX COMPANY 


ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA 


MATERIAL _ 
THICKNESS 


SPECIFICATION . 
FORM 


DRAWING OR SKETCH NO. . 


MATERIAL 

THICKNESS „ 0.020 


WELDED TO 


SPECIFICATION 
FORM 


DRAWING OR SKETCH NO.. 


MATERIAL 


FILLER META L 

FORM. 


type of v/ eld joint #1 Circular Bott #2 Rotai 

REQUESTOR OR CUSTOMER . P,. .HorO #3- Circular I 
OPERATOR J . Frey 

job description . .. _C y l in_dr.i-C.a .1 .JI o n ve. r t er .. A s s a 


er Penetration REQUIRED . 

ince w.a. no. 4018 -nm -no 


NOTES 

1. SHOP TRAVELER, MANUFACTURING 0R0ER OR GENERAL WORK REQUEST AND DRAWINGS, SKETCHES OR 
WRITTEN INSTRUCTIONS MUST ACCOMPANY ALL JOBS. 

2. RECORD ALL WELDING DATA ON 1 HIS SHEET • RECORD OTHER PERTINENT INFORMATION FOR EACH 
SAMPLE AND EACH RUN ON EOS FORM 6302 A. 

3. ASTERISK (*) SHALL DENOTE OPTIMUM WELD SCHEDULE FOR THIS APPLICATION AND SHALL BE 


APPROVED BY Q.A. IE REQUIRED. 


OPTIMUM WELD SCHEDULE _ 

Q.A. APPROVAL 

SAMPLE NUMBER 
RUN NUMBER 


DISTANCE TO WORK (Inches) 


FILAMENT CURRENT (Amps) 


ACCELERATING VOLTAGE (kV) 

BEAM CURRENT (mA) 

tfoy ACTUAL (10 * 3 Inc h es) If) . f)Q 

DIAMETER VIEWE R (Increments) | 5 

BEAM FOCUS (Dio I Selling) 


YES 

D.C. DEFLECTION 

NO 


A.C. DEFLECTION J 

(Inches, £ To £ ) 



rtpn f nFMFPATinw 

YES 

L J i\L-L L_ OLlXu(\M | lull 

NO 

CIRCI F 0 D 

ACTUAL (10 ' 3 Inches) 


VIEWER (Increments) 

CIRf'l F i rr 

ACTUAL OO ’ 3 Inches) 

I.L/. 

VIEWER (Increments) 




Flange Flange to 
.to. Cell Kmitter T.pnrf 


SPEED INDICATOR (Diol 

Selling) 

TIMER (Seconds) 

c 1 doe rnuTDrii fo/A 

RISE 

0 LUr t LUH l KUL \/o) 

FALL 

Df If C CD CCTTIKIPC 

WIDTH (Mill! See.) 

■ ULot K 0 1 1 1 IlNwo 

FREQUENCY (CPS) 

VACUUM (mm of Hg) ' ' 










































DATA SHEET NUMBER 


ELECTRO-OPTICAL SYSTCZVIS, INC. 

A XEROX COMPANY 


ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA 


MATERIAL TA 
THICKNESS 0*015 


SPECIFICATION . 


DRAWING OR SKETCH NO, _ 


V CERTS 


WELDED TO 


MATERIAL ^ 
THICKNESS 


SPECIFICATION 

ernoM Tub© 


DRAWING OR SKETCH NO. 


MATERIAL 


FILLER METAL 


TYPE OF WELD JOINT 


■ill&t 


PEN ETRATION- REQUIRED . 


REQUESTOR OR CUSTOMER 


4018 - 001-001 


OPERATOR . 


JOB DESCRIPTION . 


NOTES 

1. SHOP TRAVELER, MANUFACTURING ORDER OR GENERAL WORK REQUEST AND DRAWINGS, SKETCHES OR 
WRITTEN INSTRUCTIONS MUST ACCOMPANY ALL JOBS. 

2. RECORD ALL WELDING DATA ON THIS SHEET • RECORD OTHER PERTINENT INFORMATION FOR EACH 
SAMPLE AND EACH RUN ON EOS FORM 6302A. 

3. ASTERISK (*) SHALL DENOTE OPTIMUM WELD SCHEDULE FOR THIS APPLICATION AND SHALL BE 
APPROVED BY Q.A. IF REQUIRED. 

T^ImUkTw'e’ld’ SCHEDULE 7 T 1 * i | I 


Q.A. APPROVAL 


SAMPLE NUM3ER 

RUN NUMBER 


DISTANCE TO WORK (Inches) 


FILAMENT CURRENT (Amps) 


ACCELERATING VOLTAGE (kV) 


BEAM CURRENT (mA) 


BEAM ACTUAL (10 J Inches) 

SPOT 

DIAMETER VIEWER (Increments) 


BEAM FOCUS (Diol Setting) 

YES 

D.C. DEFLECTION 

NO 


A.C. DEFLECTION __X 

(Inches, t Toq) Y 


CIRCLE GENERATION 


CIRCLE O.D. 


CIRCLE I.D. 


ACTUAL (UT° Inches) 
VIEWER (Increments) 


ACTUA L ( l(T J Inc hes) 
VIEWER (Increments) 


LINEAR SPEED OR(R.P<M} 


SPEED INDICATOR (Diol Soiling) 


TIMER (Seconds) 


S LOPE CONTROL (%) 


PULSER SETTINGS 


VACUUM (mm of Ho) 


WIDTH (Mill! Sec.) 
FREQUENCY (CPS) 


















ELECTRO-OPTICAL SYSTEMS, INC 
A XEROX COMPANY 


data sheet number 


ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA 



NOTES 

1. SHOP TRAVELER, MANUFACT URING ORDER OR GENERAL WORK REQUEST AND DRAWINGS, SKETCHES OR 
WRITTEN INSTRUCTIONS MUST ACCOMPANY ALL JOGS. 

2 . RECORD ALL WELDING DATA ON THIS SHEET - RECORD 0 CHER PERT WENT INFORMATION FOR EACH 
SAMPLE AND EACH RUN ON EOS FORM 6302A. 

3. ASTERISK (*) SHALl DENOTE OPTIMUM V/ELO SCHLDUl F FOR THIS APPLICATION AND SHALL BE 
APPROVED BY Q.A. IF REQUIRED. 


OPTIMUM WELD SCHEDULE 


Q.A. APPROVAL 


SAMPLE NUMBER 


RUN NUMBER 


DISTANCE TO WORK (Inches) 


FILAMENT CURRENT (Ai.ips) 
ACCELERATING VOLTAGF (IV) 


BEAM CURRENT (mA) 


fpOT ACTUAL (10~ J Inches) 

DIAMETER VIEWER (Increr.^nl;) 


BEAM FOCUS (Diol Selling) 


D.C. DEFLECTION 



1.65 1.65 1.65 


110 110 110 


4.0 


ACTUAL no'- 5 Inche s) to . 0 1 5 0.010 | 0.015 



A.C. DEFLECTION 
(Inches, t Tot ) 


CIRCLE GENERATION 


CIRCLE O.D. 


CIRCLE I.D. 


ACTUAL Q0 ~ J Inc hes) 
VIEWER (Increments) 


ACTUA L (1 0* Inc hes) 
VIEWER (Increments) 


LINEAR SPEED OR R.P.M. 


SPE ED INDIC ATO R (Did $c Itfo g) ‘ 
TIMER (Seconds) 


SLOPE CONTROL {%) 


PULSER SETTINGS 


VACUUM (mm ol.llg) 


WIDTH (Mill! Sec.) 

’ FREQUENCY (CPS) 
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r* v)\ 















































































CONVERTER NO 


DATE 


TIME \\\ S £ 


PRESSURE 


10" 6 TORR 


SC 3 l> 


X V 


SHEET -jfL- OF— Ik. 


U / 7 



-V b 

ia \0 


s Y> 

I b 


mm 

.H \* 

Vf 

IW 

\3.^ 

W*t 

x f 

I \^3 

U -3 

u.z 


£°l<l 







1* V.W 


Vi 


°C 










vn,l* 

C*S.£ 





C 33 


c| 3 3 S' 133-7 13^.1 







’c \Hcl j \<Ao Z KOO \AOO W<)Q I YHOX 


e jo. 


’CI1X3 W.4 hn 


OUTPUT 


VOLTS 


AMPS 


WATTS 


PHOTO # 



.3^7 






\Q.\7 I 



o 


\0. <3 XV*. S 


U . Cl K -7V. 
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aa.i-v, 


°i a4 


WATTS 


SHEET — Ut 


"A*. 

~%1 

vy 
' 1 

\\] n 

"4 

W \0 


\3 \0 

n 25 

V3 a «* 









■‘^r v 7KT 

tS A«.. .... , 





ssai 


5 13 

541 

II 

n 

.4So 

,31 1 

»3S1 



\3.3 

U.3 




\W.\ 

U 




















.. 




^5 'I 

GQ\,4 

SIR 













<Oo 

to! 1 

to 2 t> 



B9 

M'l 

U \ 3 



liiiiiM 





34 0 

3 D-3 

3 SM 


* 





- 










* _ 

ICTf 

\3 *o 

\3oc) 



■ 

■ 




*7»2 


BBI 







* 





■ 


.23^ 

* 3 <50 


■ 

3^1. TVs 

ten 

Sl a. 


J " 

IBS! 


PUMI 

IHHH 


mm 

g^jgjjg 

pph 





7 
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jmwmwmwm 


CONVERTER N0._ 


DATE 


TIME 


PRESSURE 


10“ 6 TORR 



SHEET- ■■ k , OF— All 


O^OQ Mb 



Hol 

1 n ®il 

\Aoo 


\Ho 7. 

\ A \oo 









































































CONVERTER NO . ^ C ^j) SHEET- H OF VAt— 

dat E TvrTC r py» %rpv\r V Vn X V» 

time |NV3o luin fysTi ( 1 VS 0 : 

, i 4 

I ^ 


10“ 6 torr! 1 I I 


TIME 

PRESSURE 



“C 513 


COL. V 




No .0 


°c| L 32 .A ^ 2 /SA 1,10 


.i U'So UU V 


US v U^U 1 1 2 o 


UH 1 Ll<* 



323 

122 

3 o *7 

a-no.T 

3^.0 



VH <io 

\aoo 

\3 0^ 

\3 oo 

V3 CA 

Vi 5»Q 

\S QO 


3 | U °i°i I 1 >3 


un h^«i 


OUTPUT 


VOLTS 


AMPS 


WATTS 





A 


2 _o I s . 11 . I SS 3 




.HOC 

an A 
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DATE 


TIME 


PRESSURE 


10“ 6 TORR 



CONVERTER NO . JkJk 


«/i, 'Vu 


SHEET — OF.~.W- 







°C 1 


c| VS QO j \S do I VS 0 0 I VS o V I VS dc I \\ ^ I V*voo 


IS 3 

~7 \c, 

'll't 

in 
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CONVERTER NO . -^- C . ^ 

££E l "'» lVn "/rW' 

I time In 2.0 vn: 


SHEET- - Jl_ 0F™A^1. 






u/ l? 

"/ 

OV'^I 

m 
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Sc 3b 


- ^*^L^iiwv^2*<*'"V_<i_^«AA''\ w >'s, oJ^rv>*^ VI ^ 0 C Jo^v^ 2^^V-C-c\ 

/naJO-^Jv ^AaAvxIm^ A^y^yNX^M^Wv^ 

JL^t^jcX 3^ Jwrv. Cv>jt^oCMv^^ 3^Ai^v-“ * ^Aa-a- 

O— K ^ A/^^ Otywy^? Cj>J\-»-'y~^ J^DKK A jojv * £2--'-<A7*/'V«-'X.- 

\ ^ ^ (fw-^ 0 . ^J^C^Ia/AJUv, < Jvvwr^ Cjuy^V^MlAA^ 
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CONVERTER NO. 


"A* 


DATE 


TIME \3 0<? \ 3 \9 

n p iy i ■ «<» n i« i i i ,i . i ■ i »i i i — ■ » ■*' ■ n i 

PRESSURE 

tub wnm *i >¥<^iu UiL* 

10~ 6 TORRI - <3 & . 0 8 


Mt 


\a n 


SHEET _iV_ OF 


Z. 




Sll 

S31 

5 10 

V, av 



.403 


xa.s xa.7 


a .7 xa/*» 




va.7 vl.*5 








V2...7 




r 

e 

°c 

T 

°c 

c 

°c 

COL. 

V 

HTR. 

E 

T 

°c 

■"■s * 

°c 

T 

°c 

res 

°c 

RES. 

V 

HTR. 

I 



T 

“7 

e 

°K 



93 V fCTT" 


^3 i Kn ^ a<; 


T.s 


Vi \ v, 


L~) t Vo b*\ 


2.3i.£ a-sn 


V*3 o 


3© a. 



c | \Hoa j 1 X4 o\ 


13 oo xs oo 



u°io 

"ICO 

3 00 

no ^ 

33c^<, 

bau.^ 


OUTPUT 


VOLTS 


AMPS 


WATTS 


.300 | , 6 0 ^ I V.00 


a .\ 



\.x» 

a-*xa. ! 

*i.\0 

\ *ao 

3 l .^ 

a „ xo 






























































































CON VERIER NO . 

DATE U /\ T f U /t2- V V \ 

TB1E l\ i^g \f | 

PRESSURE 
10- 6 TORR 


SHEET JLB^0F- j -A^L. 

"/,, 'v IT r% 


h a, 





oV'H^j ! .z^c 


3\.csv |4V.l I 4a,3\. 


watts I \^s ^ 3 V°i .‘Z& n s l *.^2 %-SO 

izz^zz~zz:==: 

PHOTO f I 3,^ gv 1 ^7 I 1L ^ 


4Klt 


SfAO [lo~2A 
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CON VERTER HO . 

& ~T "A 2 T"A v T'v^P'A* 
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CONVERTER NO. 


SC 3 b 


SHEET 




.OF. 


N 
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CONVERTER NO. 


SHEET -I.3L.OF 


DATE 

TIME 1 






V11 Vv 


'Y u 


\o 44 

Vo s ^ 






a.? nv m., , 

vZPA 7 



2. I '»o 1 I 



11 3 

T13 


Tli 

104.1 



si 0 0 


I .2X00 I -1 c l c t| s'TJOO I ^0?) 


1.4 4lo 


WATTS |4;4l|%A |v.- 3^ | 4.o4 V1.U | fr.Ol 


PROTO # 
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DATE 



W/ 

Ml 





TIME 


W1S 

\\5t> 


• 



PRESSURE 








10" 6 TORR 










■^T 






v b 








lb 








V f 








T f 











r jsc 

c. 

l£>J> 



T 

r 

°C 








°c 








T 

c 

°c 








°c 








COL. 

HTR. 

V 








I 

1 







T s 

°c 








°c 

V. *0 







T 

res 

°c 








°c 

323.5 







RES. 

HTR. 

V 








I 
















T 

e 

°c 








°K 








T i 
1 Q 

°c 

13 0 















OUTPUT 







• 

VOLTS 








AMPS 

32.3 






# 

WATTS 

U.n5 















PHOTO # 









L 59 


The bright spot on photo marks the zero axis for 
each data point. 



Photo No. SC-3-1 


COLL 


CS 


= 1492°C 
= 687°C 

= 349 °C 


X axis = O.lV/div. 


Y axis = lOA/div. 



Photo No, SC-3-2 


t coll- 648 - 5 C 
T CS - 333 ° C 


X axis = O.lV/div. 
Y axis = lOA/div. 


160 





T cs = 338°C 


X axis = O.lV/div. 
Y axis = lOA/div. 



Photo No. SC-3-4 T e = 1400°c X axis = O.lV/div. 

Tcqll = 600°C Y axis = 4A/div. 

T 
CS 
161 


325°C 





Photo No. SC-3-5 


COLL 


CS 


= 1400°C 
= 612°C 

= 328°C 


X axis = O.lV/div. 


Y axis = 4A/div. 



Photo No. SC-3-6 T = 1300°C X axis = O.lV/div. 

Ci 

Tcqll = 601 °C Y axis = lOA/div. 

T cs = 323 ° c 


162 





Photo No. SC-3-7 


COLL 


CS 


= 1300°C 
= 592°C 
= 321°C 


X axis = O.lV/div. 


Y axis = lOA/div. 



Photo No. SC-3-8 T = 1399°C X axis = O.lV/div. 

E 

T = 627 C Y axis = 20A/div. 

LU LiJL 

T = 333°C 

CS 


163 





Photo No. SC-3-9 


COLL 


CS 


= 1400°C 
= 626°C 

= 290°C 


X axis = 0.2V/div. 


Y axis = 20A/div. 



Photo No. SC-3-10 


COLL 

C CS 


1412°C 

670°C 

290°C 


X axis = 0.2V/div. 
Y axis = lOA/div. 


164 




Photo No. SC-3-11 


COLL 


CS 


= 1402 °C 
= 598°C 

= 325°C 


X axis = O.lV/div. 


Y axis = lOA/div. 



Photo No. SC-3-12 T e = 1400°C X axis = 0.2V/div. 

T COLL = 5 ^° C Y axis = 2A/div. 

T cs = 292 ° c 


165 




Photo No. SC-3-13 


COLL 


CS 


= 1300°C 
= 679°C 

= 323°C 


X axis = 0. 2V/div. 


Y axis = 20A/div. 



Photo SC-3-14 TL = 1300°C X axis = 0.2V/ div. 

E 

Tcoll = 626°C Y axis = 20A/div. 

T cs = 307°C 


166 





Photo No. SC-3-15 


COLL 

r cs 


= 1500°C 
= 695°C 

= 340°C 


X axis = 0.2V/div. 
Y axis = 20A/div. 



Photo No. SC-3-16A Tg = 1500°C X axis = 0.2V/div. 

T COLL = 619 ° c Y axis = 20A/div. 

T cs = 317 - 5 ° C 


167 





Photo No. SC-3-16B 


COLL 


CS 


= 1500°C 
= 619°C 

= 317. 5°C 


X axis = 0.2V/div. 


Y axis = lOA/div. 



Photo No. SC-3-17 T £ = 1500°C X axis = 0.2V/div. 

T COLL = ^3° C Y axis = 20A/div. 

T = 341°c 

CS L 


168 





Photo No. SC-3-18 


COLL 


CS 


= 1501 °C 
= 668°C 

= 341. 5°C 


X axis = 0. 2V/div. 


Y axis = 20A/div. 



Photo No. SC-3-19 


T e = 1500°C X axis - 0.2V/div. 

T C0LL = 696 ° c Y axis = 10A / div * 

T CS = 355 ° c 


169 






Photo No. SC-3-20 


COLL 


CS 


= 1518°C 
= 604°C 

= 329 °C 


X axis = 0.2V/div. 



Photo No. SC-3-21 


T £ = 1448 C 
t coll= 624 ° c 

T CS = 314 ° c 


X axis = 0. 2V/div. 
Y axis = 20A/div. 
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Photo No. SC-3-22A 


COLL 


CS 


= 1418°C 
= 603°C 

= 318°C 


X axis = O.lV/div. 



Y axis = lOA/div. 
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Photo No. SC-3-23 


COLL 


CS 


= 1403 °C 
= 654°C 

= 321°C 


X axis = O.lV/div. 


Y axis = lOA/div. 



Photo No. SC-3-24 T_ 

£ 

t coll 

172 T CS 


1401° C 

607°C 

301°C 


x axis = O.lV/div 
Y axis = lOA/div. 





Photo No. SC-3-25 


COLL 


CS 


= 1500°C 
= 667°C 

= 326°C 


X axis = 0.2V/div. 


Y axis = lOA/div. 



Photo No. SC-3-26 

II 

H W 

1500°C 

X axis = 0.2V /div 


T = 

COLL 

698°C 

Y axis = 20A/div. 


T 

336°C 



CS 
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Photo No. SC-3-27 


= 1500 C 


t coll= 717 C 
T cs = 345°C 

X axis = 0.2V/div. 


Y axis = 20A/div. 



Photo No. SC-3-28 


COLL 

c cs 


1300°C 
652°C 
316°C 


X axis = 0.2V/ div . 
Y axis = 20A/div. 
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Photo No. SC-3-29 


COLL 


CS 


= 1300°C 
= 575°C 

= 293°C 


X axis = O.lV/div. 
Y axis = lOA/div. 
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^ U ' ! ZWTi:j a r. 


APPENDIX 5 
CONVERTER SC -4 


4018-Final 


177 



ELECTRO-OPTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 



DATE:. 


12/16/68 


V 

DESCRIPTION* ^ cm Co 1 l&ctoir (li 03 tGir wiirs <5e x’ss* a.dap » ) 


BRAZE TYPE: 
WA NO 


OPERATOR: 


PJ 
























































fttLECTSte-OmCAL SYSTEMS 


BRAZING/FIRING SCHEDULE 


DATE: 


12/17/68 


PART ^ cm^ (urGbirszc) HsatBT Wxtg/R&s . Adnp. 


BRAZE TYPE: 
WA NO. 


Conv 


29.0 - 29.7 1.5 min 


OPERATOR:. 


PJ 




















































|SLECTRO-OPTSCAL SYSTEMS 


SC 4 


BRAZING/FIRING SCHEDULE 


2 shims on top 
can 3" x 9" 

Tap 6 - grid 71 
coil height 8-5/16 


hatp. 12/16/69 


PART pf^piption- - cm ^ Cony. Sg a l wi-th 2 Ceramic 


BRAZE TYPE:. 


Seal 


^3 


WA NO.- 


4018-001-001 


OPERATOR: 


Gon 



OS FORM NO* 606 (7/67) 180 


REMARKS 


RF off 


































































































iLECTItO-OPTICAL SYSYEK9S 


SC 4 


BRAZING/FIRING SCHEDULE 


DATE:. 


12/17/69 


2 shims on top 
.3" x 9" can 
coil set 8 5/16" 

Tap 6 - GR 71 


PART DESCRIPTION: 


BRAZE TYPE: 


4 cm conv. Seal with 7 ?~ cm Ceramics 


wa 4018-001-001 

OPERATOR: Gon 


REMARKS 


RF on 



OS FORM NO. 606 (7/67) 












































































































SHEET ?fl 


ELECTRO-OPTICAL SYSTEMS 


SC 4 


BRAZING/FIRING SCHEDULE 


DATE:. 


12/17/69 


1st anneal after 
1st form by cliff 
1700° C for 15 min 


1700 C = 29.528 mV 


PART DESCRIPTION: Re k efd__gtrap ( 4 pcs.) 

Anneal @ 1500°C - 15 min 


BRAZE TYPE:- 

4018-001-001 


1 


WA NO. - 


OPERATOR! 


Gon 


l 























































Electro-optical systems 


SHEET #2 


BRAZING/FIRING SCHEDULE 


2nd Anneal after 


DATE: 12/19/69 


2nd forming by Cliff 
No more than 1700°C for 15 min.. 


PART DESCRIPTION: 


RE Lead Straps 4 pcs. 


BRAZE TYPE: 


Anneal 0 1500°C to 1700°C 


WA NO. • 


4018-001-001 


OPERATOR: 


Gon 





















































ELECTRO-OPTICAL SYSTEMS 


SC 4 


BRAZING/FiRING SCHEDULE 


DATE:. 


12/22/69 


PART np^rpiPT|n>j. 4 Z cm Heat Choke Lead Strap Assembly 

BRAZE TYPE: — -X: S . *ft " 3 

WA N0.~ 


4018-001-001 


Station #2 


OPERATOR:. 


Gon 
























































iLSemO-OPTiCAL SVSTEfiSS 


SC 4 


BRAZING/FIRING SCHEDULE 


Re heat choke to Nb 


hatf. 12/23/69 


PART r>Fs«~piPTinM. 4 cm z Lead Strap Assembly SC4-4 


T- 


BRAZE TYPE: 

WA ™ 4018-001-001 


OPERATOR: £on 1. 

A - 



OS FORM NO. 806 (7/67) 
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ELECTRO-OPTICAL. SYSTEMS 


SC 4 


BRAZING/FIRING SCHEDULE 


DATE:. 


1/9/70 


'^c£W* lcS 

-£$LtrZ6 


Gun Holder 


PART DESCRIPTION: ^ .4_ U - L . 

BRAZE TYPE: Seal (g 1400°C 

WA m 4018-001-001 

OPERATOR: Gon 


TEMP.°C 
No. 2 


w „ TEMP.°C 
mV 2 No. 3 mV 3 


PRESSURE 

(mmHg) 

DIAL 

No. 

1 x 10" 7 

12 

4 x 10“ 7 

14 

3.6 x 10" 7 

16 

4.8 x 10" 7 

18 

1 x 10" 6 

20 

1.5 x 10“ 6 

22 

2 x 10~ 6 

24 

2 x 10" 6 

26 


REMARKS 


RF on 




:OS FORM NO. 806 (7/67) 







































































































'EkuSCTRO-OPTICAL SYSTEMS 


1 hr @ 2100 C true or 
1850°C surface observed 


Surface 

Temp* 




BRAZING/FIRING SCHEDULE 

date: mm 

PART nFRrpiPTfni^. Rhenium Cylindrical Emitter for SC-4 
‘ ‘ BRXSSXBygR Vac firin g and sat to 1 - 


WA NO 

OPERATOR: 


r , Vac firing and set tol. 

4018-001-001 

KWH 



•OS FORM.NO. 806 (7/67) 






















































ELECTRO-OPTICAL SYSTEMS 


SHEET #1 of 2 


750°C - 775°C max seal 
temp. 31.23 mV 


BRAZI NG/FIRING SCHEDULE 

DATE: 1/19/70 


PART DESCRIPTION: ZZIZ Z i 

BRAZE TYPE: 2^3 5 1 0ut g as 

WA NO 

operator- Pyle & Mitchner 




SC-4 4^ cm Converter 



OS FORM NO. 80 s (7/67) 






























































































EkLECTRO-OBBTICAL SYSTEMS 


SHEET #2 of 2 


750°C - 775°C max seal 
temp. 31.23 mV 


BRAZING/FIRING SCHEDULE 

1/19/70 


DATE: . 


PART DESCRIPTION:—!^! 4 Z cm Converter 

BRAZE TYPE: Final Out gas 


WA NO. 









































ELECTRO-OPTICAL SYSTEMS 


BRAZING/FIRING SCHEDULE 


DATE: 1/21/70 I 

V 

PART DESCRIPTION: c s Loading SC _ 4 

BRAZE TYPE: J. 





























SYSTEMS© 


BRAZING/FIRING SCHEDULE Page 2 

750° c DATFr 1/21/70 

775°C max seal PART r>F<;rp|p-pnN- SC-4 4 cm^ Converter 

Temp (31.23 mV) BpA7c j VpE . Final Outgas 


WA NO. 


OPERATOR:. 


EJR and Pyle 



OS FORM NO. 806 (7/67) 
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ELECTRO- OPTICAL SYSTEMS, INC. DATA SHE ET NUMBER. 

A XEROX COMPANY 

PACE. 

ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA 


MATERIAL _ 
THICKNESS 


TA 

0.015 


SPECIFICATION 

rrrtcu Tube 


DRAWING OR SKETCH NO. . 


MATERIAL _ 
THICKNESS 


TA 

0.015 


WELDED TO 


SPECIFICATION 

form Tube 


DRAWING OR SKETCH NO.. 


FILLER METAL 


material 


TYPE OF WELO JOINT 


REQUESTOR OR CUSTOMER 

operator T. F r £ 

JOB description 


Fillet 

Hora 


penetration reouired 010. 

4018 - 001-001 


1 / 21/70 


Join tube to spherical converter 


NOTES ' 

1. SHOP TRAVELER, MANUFACTURING ORDER OR GENERAL WORK REQUEST AND DRAWINGS, SKETCHES OR 
WRITTEN INSTRUCTIONS MUST ACCOMPANY ALL JOBS. 

2. RECORD ALL WELDING DATA ON THIS SHEET - RECORD OTHER PERTINENT INFORMATION FOR EACH 
SAMPLE AND EACH RUN ON EOS FORM 6302A. 

3. ASTERISK {*) SHALL DENOTE OPTIMUM WELD SCHEDULE FOR THIS APPLICATION AND SHALL BE 
APPROVED BY Q.A. IF REQUIRED. 


OPTIMUM WELD S CHEDULE 


Q.A. APPROVAL 


SAMPLE NUMBER 


RUN NUMBER 


DISTANCE TO WORK (inches) 


FILAMENT CURRENT (Amps) 


ACCELERATING VOLTAGE (kV) 


BEAM CURRENT (mA) 


BEAM ACTUAL (10 Inches) 

SPOT 5 — 

DIAMETER VIEWER (Increments) 

BEAM FOCUS (Dio I Selling) 


YES 

D.C. DEFLECTION 


A.C. DEFLECTION 
(Inches, t To £ ) 



1.80 


110 


2.0 


CIRCLE GENERATION 

YES 

NO 

CIRCLE O.D. 

- 

ACTUAL (10* 3 Indies) 
VIEWER (Increments) 

CIRCLE 1.0. 


ACTUAL (10‘ 3 Inches) 
VIEWER (Increments) 


ITOiaMBMMMttlW 


SPEED INDICATOR (Diol 

Setting) 

TIMER (Seconds) 

c i onr rnuTDm to* \ 

RISE 

S LOPE CUN 1 kUL \/ o ) 

f;ALL 

i—i i a, r' r* c n — rlvii'f 

WIDTH (Mill! Sec.) 

PULSER SETTINGS 

FREQUENCY (CPS) 

VACUUM (mm of Hg) 





























data sheet number 


ELECTRO-OPTICAL SYSTEMS, IIMC. 

A XEROX COMPANY 


MATERIAL __ 
THICKNESS 


ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA 


Arc Cast Mo Nb <PFriFir#.T*nKi 


specification . 

FORM 


DRAWING OR SKETCH NO.. 


Material _ 
thickness 


Arc Cast Mo & Nb 
p.o. NO., 


WELDED TO 


SPECIFICATION 
FORM 


DRAY/ING OR SKETCH NO.. 


MATERIAL 


FILLER METAL 

FORM. 


TYPE OF WELD JOINT 

REQUESTOR OR CUSTOMER 

oppratdr Fre 


OPERATOR ° ^ DAT! 

JOB description Seal 1/8 M hole with plug inserted 


PENETRATION REQUIRED — 

W.A. NO. 

DATE 1/21/7 0, 


0.005 - 0.010 


NOTES 

1. SHOP TRAVELER, MANUFACTURING ORDER OR GENERAL WORK REQUEST AND DRAWINGS, SKETCHES OR 
WRITTEN INSTRUCTIONS MUST ACCOMPANY ALL JOBS. 

2. RECORD ALL WELDING DATA ON THIS SHEET - RECORD OTHER PERTINENT INFORMATION FOR EACH 
SAMPLE AND EACH RUN ON EOS FORM 6302A. 

3. ASTERISK (*) SHALL DENOTE OPTIMUM WELD SCHEDULE FOR THIS APPLICATION AND SHALL BE 
APPROVED BY Q.A. IF REQUIRED. 


OPTIMUM WELD SCHEDULE 


Q.A. APPROVAL 

SAMPLE NUMBER 


RUN NUMBER 

DISTANCE TO WORK (Inches) 


FILAMENT CURRENT (Amps) 


ACCELERATING VOLTAGE (kV) 


BEAM CURRENT (mA) 


ACTUAL (l(f 3 Inches) 

SPOT - 

DIAMETER VIEWER (Increments) 


BEAM FOCUS (Dio I Scfling] 


YES 

D.C. OE FLECTION 

NO 


A.C. DEFLECTION 

(Inches, £ To £ ) 


CIRCLE GENERATION 


CIRCLE O.D. 
CIRCLE LD. 


_X 

Y 


YES 

NO 


ACTUAL (UT Inches) 
> VIEWER (Increments) 

ACTUAL HO' 3 inches) 
VIEWER (Increments) 


LINEAR SPEED OR R.P.M. 


SPEED INDICATOR (Dial Setting) - 


TIMER (Seconds) 


RISE 

S LOPE CONTROL (%) — — 

FALL 


WIDTH (Mill! Sec.) 

PULSER SETTINGS ’ F re Q UENC Y (CPS) 


VACUUM (mm of Hg) 






























































IT 1 


ELECTRO-OPTICAL SYSTEMS, INC. data SHEET number. 

A XEROX COMPANY „ _ 

PAGE. 

ELECTRON BEAM WELD SCHEDULE DEVELOPMENT DATA 


material _ 

THICKNESS 


Nb 

0.020 


SPECIFICATION . 
FORM 


ORAWING OR SKETCH NO.. 


MATERIAL . 
THICKNESS 


Nb 

0.020 


WELDED TO 


SPECIFICATION 
FORM 


DRAWING OR SKETCH NO.. 


FILLER METAL 


MATERIAL 


TYPE OF WELD joint #! circular bott, #2 rotary p ier<s,» K1FTHAT , f , M required #1 .020, #2 .020 

requestor or customer P. Hora #! circular pi%J)G^K>. • 4018-001-001 

op erato r J. Frey dat e 2/3/68 

job description Cylindrical converter assembly (4 cm) - 


NOTES 

1. SHOP TRAVELER, MANUFACTURING ORDER OR GENERAL WORK REQUEST AND DRAWINGS, SKETCHES OR 
WRITTEN INSTRUCTIONS MUST ACCOMPANY ALL JOBS. 

2. RECORD ALL WELDING DATA ON THIS SHEET • RECORD OTHER PERTINENT INFORMATION FOR EACH 
SAMPLE AND EACH RUN ON EOS FORM 6302A. 

3. ASTERISK (*) SHALL DENOTE OPTIMUM WELD SCHEDULE FOR THIS APPLICATION AND SHALL BE 

APPROVED BY Q.A. IF REQUIRED. _ 


APPROVED BY Q.A. IF REQUIRED 


OPTIMUM WELD SCHEDULE 


Q.A. APPROVAL 


SAMPLE NUMBER 

RUN NUMBER 

DISTANCE TO WORK (Inches) 


FILAMENT CURRENT (Amps) 


ACCELERATING VOLTAGE (kV) 


BEAM CURRENT (mA) 


SPOT ACTUAL (IQ* 3 Inches) 

DIAMETER VIEWER (Increments) 


BEAM FOCUS (Diol Setting) 


YES 


to Coll Emitter Lead Strap 







m 


m 


m 


1.75 

120 


D.C. DEFLECTION 


A.C. DEFLECTION 
(inches, £ To £ ) 


CIRCLE GENERATION 


CIRCLE O.D, 




i 


CIRCLE I.D. 




YES 

NO 


ACTUAL (10 ° Inches) 
VIEWER (Increments) 

ACTUAL (IQ' 3 Inches) 
VIEY/ER (Increments) 


SPEED INDICATOR (Dial Selling) 


TIMER (Seconds) 


RISE 

S LOPE CONTROL (%) — — 

. FALL 


WIDTH (Mill! Sec.) 

PULSES SETTINGS FB6Q UENCY (CPS) 


VACUUM (<"" o ( Hg| 




















































Sc 4 


CONVERTER KO . 


SHEET- 



DATE 

'/ IMs 

VZ 

V ] 

V lfc 

“7 " 

'4. 

'^2-0 

TIME 

oV 4 * o 

0*13 2. 

Qs.S 7. | 

\Q 

Vo a o 

\o 3? 

\o«H 

PRESSURE 

3l 

*\ n<\ 

| 


\w> ne\ 

\\ rv^x 

\\ 

10" 6 TORR 



| 

* 







■ 





v b 




* 


3.3 r> 

3 1 3 






« VOO 

.1^0 

.a qo 

V f 

- - -TS L. - 

\\ 

\ X 


va.w 

\a.c 


I f 


\1 . 

^ / 
VO** 


\>.r 












°C 



pffBBI 


9l3 V* 

3o\ 

n\ 

H 

°c 


| 

■ 





T 

°c 


\°V V 



33 1 

3i»<i 

3^1 

C 

°c" 


a.Q % 

2-VS 

V 

33 V 


3 <*<» 

COL. 

D 








HTR. 

I 








T 

°C 



EBB 


3? S 

3^*2. 


i s 

°c 








T 

°c 

! 

vv 

VV7 


V 3 ^ 

\** X 

\^n 

res 

B3 


V2 

\\o 


van 

V33 

\3 % 

RES. 

D 








HTR. 

B 



ppph 





[I | 


■ 

pBl 





T 

°c 








e 

°K 




_ . - ----, 




IK3H 









l| 








OUTPUT 



ppppi 





VOLTS 

V 


fHBa 


.0=1 3 


»^03 

AMPS 





o.c. 

Q-C. 

o.c. 

WATTS 












' 




PHOTO # 
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CONVERTER NO... 




SHEET 



| »ate Va.*, • Y j=k 1 '*± I 

[tIMeT \\q^ V\ *2.-? W<H u 1x3.5^ •\3 3 


PRESSURE I lv« r\(\ I °i 


n*\i X 3 l 


10 -o TORR 


.1^0 




\S . 




S 31 


SM l 


lo^l/S 


C W» 0 \*\ \ 


°c \ho, 1 


RES.! v 


\°\S I 

aiM.i 

V'SN.l 

134 



£2 2 \.\ HX j \ . \H ^ 

<a -C . J^O 

\ .Q3 I su 






a.© v 


| * 3 .^ 1 

• .^i c i 

IBM 

33 .3 v. 

%. 3 l°v 

\ 4 , 2_1 



PHOTO # 
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CONVERTER NO. 


Sc 4 


{DATE I 


TIME 


PRESSURE 


10~ 6 TORR 


1 Vjlv, | Vs 


SHEET- 




\H37 I Wo 



13 11 I\s«h 




~1 0 <! 


-MW 


3-, 3 




^ I ,V 


702. 


*H°n 


\a.3 I V 2.-3 


V3 4 


°C l^YS 


°c lo^/T i v v 


COL. V 




C 


res jo 


C 3 



e |o. 


OUTPUT 


VOLTS 


AMPS 


WATTS 



* ^ 


"loo. 


\i.l 



13V 1.3 1 Hi! 




°c l^QO \3 ^ l*A<30 I | HOP 



. S 


1 0 o 


^*2/1 (,3t 


- 3 

1 ^3 


O 

101 

I 1 OS 




°1 

ISO 


3okS 

303 

"2 Q\ 


30 C. 


no\ 



33.3 2 2*t-Z3 


\3.4<U \3.*.*i 14 


.311 

.4 9Q 

31 .^3 

3L.W. 

K,V ^ 

\4.14 
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VOLTS .*400 I 4 





». ^ oo 


AMPS 




SL2.1.X 

auv. 



WATTS 

M-.«n 

\?-2^ 

°t 

.7 0 

\^.°IV 

\o.S4 




























































































PHOTO # 
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VOLTS 

>3 00 


AMPS 

2-V .0 v. 

•2.0. ‘to 
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CONVERTER NO. 
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CONVERTER NO. 


Sc H 




°C 


✓ 

^ *2-3 

ti 2_\ 

U 

V.Q\.<\ 

bo ^ 


^ Z 1 Q 1 '1.02/, 1**1 


ta T \ 

t> S 2 


Glo.Y 


COL. _V 
HTR. x 



°C|UYS^| I G°VO 




C| )< 10 \ \ 4:03 \Ho 3 I^OU H \1 XHOV I ^*A \0 



OUTPUT 


VOLTS 


AMPS 


WATTS 


***10 ( 412 


2 -^Z 


W.3T Kv n 4? \3 . Oto I \ 2.?1 


■EH 


V.1 


S,\\ £ .as 
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CONVERTER NO. 


SHEET 


OF 




2 _V 


UHiKsCKii^i \ 3 io \i^o \hu 


PRESSURE r'xtv |\,*-»nc* I \ , 8 r» £»> LV^ \-V 


10“ 6 TORR 




1 u 

ixa/; 

13 7. 

i<4S 


17 3 




UVVft v.* 




12 A, .3 

*1 

3H 

13 ^ 

BOSS 

1 \\ 


a 

SKI 

3-3 t. 3 

*>\> 

3-3-7 

2.\G 


303 

1 \x 

Esn 

“31^ 




\3°ii 

V-VQQ 

Wqq 

\M.O\ 

V\*o 

\*\6 X. 


OUTPUT 


VOLTS LSn 


33 . 3 V. 



WATTS | S .12.1 \l.V\o| \*\A% m,Gx VSA'i 



PHOTO # 31. 



*\K 








































































































DATE I 



V/ 2_V 

V 2_v 


v^2n 



PRESSURE } nfv |V,V r\^ |\^S t'V'a 


10- 6 TORR 



OUTPUT 


VOLTS 

\ .*2.00 

RS9RSSB 

.KQO 

\. b w, 

\.2«o 

. 1 

AMPS 

RSI 

BBH 

*2>o ^ 

Ss .HS 


eeh 

Q9B9 

WATTS 

\ 

,%~L 


c,.n* 

EKSEBS 
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CONVERTER NO. 


Sc *+ 


SHEET 



T 

°C 

r 

°C 

T 

c 

°C 
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COL. 
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c| l2oc\ |\1 >oZ 1 XZ^I V I \1S>0 |\ 3 ^Z 
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WATTS U.A3 S ,t°i \ l.vi \ Vo 
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CONVERTER NO. ^ j tt SHEET ^ 1 OF— 


DATE 

V 3 



' 3 ' 

X 'j 
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WM 1 

M * V 

\3 2_fc 

V33 tf 

\35<* 
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PHOTO # 
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Photo No. SC-4-1 


COLL 


CS 

X axis 


= 141 0°C 
= 671°C 

= 280°C 

= O.lV/div. 


Y axis = lOA/div. 


210 




Photo No. SC-4-2 T = 1409°C 

£ 


T cs = 280 ° c 

X axis = O.lV/div. 


Y axis = 4A/div. 



Photo No. SC-4-3 


211 


COLL 

p 

cs 


720°C 

300°C 


X axis = O.lV/div. 
Y axis = lOA/div. 





Photo No. SC-4-4 


COLL 


CS 


= 1400°C 
= 750°C 
= 311°C 


X axis = O.lV/div. 


Y axis = lOA/div. 



Photo No. SC-4-5 


COLL 

r cs 


835°C 

327°C 


X axis = 0.2V/div 
Y axis = 20A/div. 
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Photo No. SC-4-6 T = 1502 °C 

E 


T cs = 318 ° c 

X axis = O.lV/div. 
Y axis = LOA/div. 



Photo No. SC-4-7 


COLL 


CS 


= 1500°C 
= 695 °C 

= 297°C 


X axis = 0.2V/div. 
Y axis = lOA/div. 
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Photo No. SC-4-8 




COLL 


CS 


= 1501°C 
= 676°C 
= 275°C 


X axis = 0.2V/div. 


Y axis = 4A/div. 



Photo No. SC-4-9 X E = 1500°C X axis = 0.2V/div. 

T C oll = 673°C Y axis = 4A/div. 

T cs = 274 ° c 
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APPENDIX 6 
BELL JAR CALIBRATION 
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OBS 



Bell Jar Calibration Curve 
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APPENDIX 7 

PYROMETER CALIBRATION 
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FIRST CAL RUN OF NEW GE LAMP NO. 37 ON REBUILT PYRO 


True 

Power 


Date Temperature 

V A 

Temperature 

3-18-69 1027°C 

13.46 

1031 



1034 

1127°C 

14.75 

1131 



1131 

1227°C 

16.20 

1228 



1228 

1327°C 

17.85 

1326 



1325 



1327 



1325 

1427°C 

19.68 

1427 



1428 

' 1527°C 

21.70 

1526 



1526 

1627°C 

23.88 

1625 



1624 

1727°C 

26.20 

1720 



1720 

1827°C 

28.65 

1828 



1826 

1927°C 

31.20 

1933 


1938 


Operator 

Pyrometer 
Serial Number 

Lens Remarks 

PD 

M5100 

B New lamp No. 37 

DG 


Scale No. 1 

PD 


Scale No. 1 

DG 


Scale No. 1 

PD 


Scale No. 1 

DG 


Scale No. 1 

PD 

- 

Scale No. 1 

DG 


Scale No. 1 

PD 


Scale No. 2 

DG 


Scale No. 2 

PD 


Scale No. 2 

DG 


Scale No. 2 

PD 


Scale No. 2 

DG 


Scale No. 2 

PD 


Scale Noi 2 

DG 


Scale No. 2 

PD 


Scale No. 2 

DG 


Scale No.' 2 

\ 

PD 


Scale Np. 2 

DG 


Scale No. 2 

PD 


Scale No. 3 

DG 


Scale No. 3 
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■FIRST CAL RUN OF NEW GE 



True 

Power 


Date 

Temperature 

V A 

Temperature 

3-18-69 

1727°C 

26.20 

1720 


1827°C 

28.65 

1820 




1828 


1027 

13.46 

,1031 




1032 


1127 

14.75 

1128 




1127 


1227 

16.20 

1222 




1222 


1327 

17.85 

1322 


1321 

1321 

1322 

1427 19.68 1418 

1416 

1527 21.70 1515 

1518 
1517 
1618 
1619 


1627 


23.88 


NO. 37 ON REBUILT PYRO (contd) 



Pyrometer 

Serial Number Lens 


Remarks 


PD 

PD 

PD 

PD M4875 

DG 

PD 

DG 

PD 

PD 

PD 

PD 

PD 

PD 

DG 

PD 

RH 

P-D.(V.D.) 

PD 

DG 


Recheck of 1720 

Scale No. 3 of 
1827 

Scale No. 2 of 
1827 

B New Lamp No. 37 
New Lamp No. 37 
New Lamp No. 37 
Scale No. 1 
Scale No. 1 
Scale No. 1 
Scale No . 1 
Scale No. 1 
Scale No. 2 
Scale No. 2 
Scale No. 2 
Scale No. 2 
Scale No . 2 
Scale No. 2 
Scale No. 2 
Scale No. 2 
Scale No. 2 
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FIRST CAL RUN 

OF NEW GE LAMP 

NO. 37 ON : 

REBUILT PYRO (contd) 



Date 

True 

Temperature 

Power 
V A 

Temperature 

Operator 

Pyrometer 
Serial Number 

Lens 

Remarks 

-18-69 

1727 

26.20 

1720 

PD 


Scale 

No. 2 




1718 

DG 


Scale 

No. 2 


1827 

28.65 

1822 

PD 


Scale 

No. 2 




1822 

DG 


Scale 

No. 2 




1822 

PD 


Scale 

No. 3 




1821 

DG 


Scale 

No. 3 



Form 431*8102 8*39 


ELECTRIC 

COMPANY 

PRODUCT TESTING 

AND 

EVALUATION #43 1 

NELA PARK. CLEVELAND, OHIO 44112 

CERTIFICATE OF STANDARDIZATION 



LAMP ABBREVIATION, 


30AT24/5 


TYPE. 


Ribbon Filament Pyrometer 


AMPERES. 


30*0 


VOLTS. 


6*0 


ORDERED BY. 


Electro Optical Systems 


ORDER NUMBER. 


x-iLy 3 L-ioo 


LAMP OPERATED BASE DOWN, WITH FILAMENT NEARLV VERTICAL AS POSSIBLE. ANO WITH SIDE ON WHICH LAMP NUMBER APPEARS TOWARD OPTICAL PYROMrTEfl. 

THE TEMPERATURES WERE MEASURED ON THE CENTER OF THE FILAMENT DIRECTLY IN LINE WITH THE SMALL NOTCH FILED IN THE FILAMENT. THE LAMPS 
WERE ALLOWED TO OPERATE FOR TEN MINUTES AT EACH CURRENT BEFORE READINGS WERE TAKEN. 


Lamp No« 
U31-P-69L 


RELATION BETWEEN CURRENT AND BRIGHTNESS TEMPERATURE 


CURRENT IN AMPERES 

n.45 

12*37 

13.46 

14.75 

16.20 

17.8$ 

19.68 

21.70 

24.88 

26.20 

28.65 

31*20 

33.B3 


TEMPERATURE IN DEGREES 


1100 

1200 

1300 

Hioo 

i5oo 

1600 

1700 

1800 

lyoo 

2000 

2100 

2200 

2300 


Kelvin 


Wavelength 0.665 Microns 


These measurements are traceable to the National Bureau of Standards. 


THESE TEMPERATURES ARE BASED UPON ASSUMPTION OF WIEN’S EQUATION WITH Cz TAKEN AS 1.4W CM. DEG. AND UPON THE MELTING POINT OF GOU> 
TAKEN AS IDi’K, OH THIS SCALE THE MELTING POINT OF PALLADIUM HAS SEEN FOUND TO IE 1I2S*K. FOR CONVENIENCE IN THE CAUSRATION Of OPTICAL 
PYROMETERS. A BLACK OODY HILO AT THE MELTING POINT OF PALLADIUM IS USED A5 THE POINT OF REFERENCE. 


DAT EL- 


February 2u,ly6y 


i7V<\o>jOCfr SeoA 

<!■ c . kill 


IN CHARGE or TEST. 
APPROVED BY. 
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